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''.This  report  presents  maintenance  and  repair  (MAR)  guidelines  and  economic 
analysis  procedures  for  determining  optimum  repair  strategies  for  a  given  air¬ 
field  pavement.  The  procedures  consist  of  data  collection,  condition  evalu¬ 
ation,  identification  of  feasible  MAR  alternatives,  performing  economic  anal¬ 
ysis,  and  selection  of  the  optimum  MAR  alternative. 

The  primary  data  to  be  collected  are  pavement  distress  types,  severities, 
and  amount.  This  information  is  then  used  to  compute  a  pavement  condition- 
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index  (PCI),  which  is  based  on  a  scale  of  0  to  100  and  measures  the  pavement 
structural  integrity  and  surface  operational  condition.  Pavement  evaluation 
is  performed  through  a  stepwise  procedure  which  is  largely  dependent  on  the 
PCI  and  distress  data,  since  they  have  been  found  to  correlate  highly  with  M&R 
needs.  Other  direct  measurements,  such  as  profile  roughness,  hydroplaning  po¬ 
tential,  and  load-carrying  capacity,  are  also  included  in  the  evaluation  pro¬ 
cedure.  Guidelines  for  rational  determination  of  feasible  M&R  alternatives 
are  presented,  based  on  the  results  from  the  pavement  evaluation.  Included  in 
the  guidelines  are  acceptable  alternatives  for  the  localized  repair  of  differ¬ 
ent  distress  types  at  different  severity  levels.  Economic  analysis  is  per¬ 
formed  among  feasible  MAR  alternatives,  using  the  present  worth  method.  The 
optimum  alternative  is  selected  based  on  the  results  of  the  economic  analysis, 
mi ssion,  and  pol icy.  , 

The  procedures  have  been  tested  and  validated  through  several  field  ap¬ 
plications.  Two  of  .these  applications  —  one  for  an  asphalt  concrete  (AC) 
surfaced  runway  and  lone  for  a  concrete  apron  --  are  presented  in  this  report. 
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SECTION  I 


INTRODUCTION 


BACKGROUND 

The  Air  Force  has  a  very  large  inventory  of  pavements,  most  of  which  are 
fast  approaching  the  end  of  their  economic  design  life.  Therefore,  it  is 
becoming  increasingly  important  to  develop  a  means  of  rationally  determining 
maintenance  and  repair  (M&R)  needs  and  alternatives  based  on  a  comprehensive 
pavement  evaluation.  This  requirement  is  being  addressed  as  part  of  a  pave¬ 
ment  maintenance  management  system  bei ng  devel oped  by  the  Air  Force 
Engineering  and  Services  Center  (AFESC).'  The  system  has  been  under  devel¬ 
opment  by  the  U.S.  Army  Construction  Engineering  Research  Laboratory  (CERL) 
since  1975.  This  research  has  developed  the  Pavement  Condition  Index  (PCI) 
for  measuring  the  condition  rating  of  jointed  concrete  and  asphalt-  or  tar¬ 
surfaced  airfield  pavements.  The  determination  of  PCI,  a  score  from  0  to  100 
that  measures  pavement  structural  integrity  and  surface  operational  condition, 
is  based  on  type,  severity,  and  amount  of  measured  distress  (Reference  1). 

The  PCI  agrees  closely  with  the  collective  judgment  of  experienced  pavement 
engineers  and  relates  strongly  to  M&R  needs.  It  is  being  implemented  by  the 
Air  Force  worldwide. 

During  FY77,  the  Air  Force  developed  preliminary  guidelines  for  deter¬ 
mining  M&R  needs  and  alternatives.  These  guidelines  are  largely  dependent  on 
PCI  and  distress  data  because  they  correlate  closely  with  M&R  needs.  Other 
measurements  included  in  the  guidelines  are  profile  roughness,  hydroplaning 
potential,  and  load-carrying  capacity.  The  Air  Force  has  also  developed  an 
economic  analysis  procedure  for  performing  a  present-worth  analysis  of  fea¬ 
sible  M&R  alternatives  for  any  specific  pavement.  The  procedure  considers 
initial  cost,  annual  maintenance  cost,  and  the  salvage  value  at  the  end  of  the 
selected  analysis  period.  The  preliminary  M&R  guidelines  and  economic  anal¬ 
ysis  procedure  were  documented  in  Volume  III  of  this  report  (Reference  2). 


OBJECTIVE 

The  objective  of  this  work  was  to  field  test,  validate,  and  revise  (as 
necessary)  the  preliminary  M&R  guidelines  and  economic  analysis  procedure  de¬ 
veloped  in  FY77.  The  improved  procedure  will  be  used  to  select  the  optimum 
M&R  alternatives  for  airfield  pavements. 


APPROACH 

The  M&R  guidelines  and  economic  analysis  procedure  were  tested  in  several 
field  applications.  Many  pavement  features  at  various  Air  Force  bases  were 
surveyed,  feasible  M&R  alternatives  were  identified,  and  an  economic  analysis 
was  performed  to  select  the  best  alternative.  Application  of  the  procedures 
was  coordinated  with  the  appropriate  command  and  base  engineers.  The  pro¬ 
cedures  and  representative  results  obtained  from  field  applications  were  fur¬ 
ther  discussed  during  a  workshop  attended  by  many  Air  Force  cormand  and  base 
engineers. 
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ORGANIZATION  OF  REPORT 


Section  II  briefly  describes  the  development  and  use  of  the  PCI  pro¬ 
cedure  used  to  determine  the  condition  rating  of  a  pavement  feature.  The  im¬ 
proved  and  validated  M&R  guidelines  and  economic  analysis  procedure  are  pre¬ 
sented  in  Sections  III,  IV,  and  V.  Section  VI  describes  the  field  application 
of  the  procedures  used  to  evaluate  the  asphalt  runway  at  Pope  Air  Force  base. 
Section  VII  describes  the  field  application  of  the  procedures  used  to  evaluate 
a  concrete  apron  at  Barksdale  Air  Force  base.  Section  VIII  provides  conclu¬ 
sions  and  recommendations. 


SECTION  II 


PAVEMENT  CONDITION  INDEX 


DESCRIPTION 

The  PCI  is  a  numerical  indicator  of  pavement  condition  that  is  di¬ 
rectly  related  to  the  pavement's  structural  integrity  (ability  to  resist 
fracture,  distortion,  and  disintegration)  and  its  surface  operational  con¬ 
dition.  The  PCI  is  a  function  of  (1)  type  of  distress;  (2)  severity  of 
distress,  such  as  width  and  degree  of  crack  spalling  or  rut  depth;  and  (3) 
density  of  distress,  which  is  the  amount  of  distress  divided  by  area  sur¬ 
veyed  expressed  in  percent.  The  development  of  a  meaningful  condition 
index  would  not  have  been  possible  if  any  of  these  three  distress  charac¬ 
teristics  had  been  ignored.  The  PCI  is  expressed  mathematically  as  fol¬ 
lows. 

P  m . 

PCI  =  C  -  [e  £  a(T.,  S.,  D..)]  E(t,q)  [Equation  1] 

i=l  j  =  1  J 

where  PCI  =  pavement  condition  index 

C  =  a  constant  depending  on  desired  maximum  scale  value 

a(  )  *  deduct  weighting  value  depending  on  distress  type  T . , 
level  of  severity  $•,  and  density  of  distress  D  -  . 

J  ’  J 

i  =  counter  for  distress  types 
j  =  counter  for  severity  levels 

p  =  total  number  of  distress  types  for  pavement  type  under 
consideration 

mi  =  number  of  severity  levels  on  the  ith  type  of  distress 

F(t,q)  =  an  adjustment  function  for  multiple  distresses  that  varies 
with  total  summed  deduct  value  (t)  and  number  of  de¬ 
ducts  (q). 

The  development  of  the  PCI  consisted  of  defining  distress  types  and 
severity  levels  (Reference  3),  and  developing  individual  distress  deduct 
curves  and  an  adjustment  function  for  multiple  distress  correction  (Refer¬ 
ence  4).  The  PCI  was  verified  by  the  assistance  of  many  experienced  Air 
Force  engineers  and  field  visits  to  many  Air  Force  bases  located  in  differ¬ 
ent  climates  and  subjected  to  different  traffic.  During  each  field  visit, 
many  pavement  sections  were  surveyed  and  the  PCI  was  calculated  according 
to  the  procedure  guidelines  (References  3  and  4).  In  addition,  each  pave¬ 
ment  section  was  subjectively  rated  by  at  least  four  experienced  engineers 
according  to  the  scale  shown  in  Figure  1  (Step  8);  the  pavement  condition 
rating  (POT)  was  determined  by  averaging  the  individual  ratings  of  the 

3 


STEP  I  DIVIDE  PAVEMENT  FEATURE  INTO  SAMPLE  UNITS. 


STEP  8  DETERMINE  PAVEMENT 


STEP  2.  INSPECT  SAMPLE  UNITS' DETERMINE  DISTRESS  TYPES 
ANO  SEVERITY  LEVELS  AND  MEASURE  DENSITY. 

Light  Loterol  S  Transverse  Cracking 


CONDITION  RATING 
OF  FEATURE. 


STEP  3  DETERMINE  DEDUCT  VALUES 


STEP  4  COMPUTE  TOTAL  DEDUCT  VALUE  (TDV)  o+b 


GOOD 

FAIR 

POOR 

VERY  POOR 

FAILED 


STEP  5  ADJUST  TOTAL  DEDUCT  VALUE 


STEP  6.  COMPUTE  PAVEMENT  CONDITION  INDEX  (PCI)  IOO -COV  FOR  EACH  SAMPLE  UNIT 
INSPECTED. 

STEP  7  COMPUTE  PCI  OF  ENTIRE  FEATURE  (AVERAGE  PCl’S  OF  SAMPLE  UNITS). 


Figure  1.  Steps  for  Determining  PCI  of  a  Pavement  Feature. 


engineers.  When  the  development  and  field  verification  process  was  com¬ 
pleted,  excellent  agreement  was  shown  between  the  PCI  and  PCR.  Figure  2 
compares  the  PCI  and  PCR  for  asphalt-surfaced  airfield  pavements. 


DETERMINATION  OF  THE  PCI  FOR  A  PAVEMENT  FEATURE 

A  pavement  feature  is  defined  as  a  portion  of  pavement  which  (1)  has  con¬ 
sistent  structural  thickness  and  materials,  (2)  was  constructed  at  one  time, 
and  (3)  is  subjected  to  the  same  type  and  approximately  the  same  number  of 
traffic  repetitions. 

The  PCI  of  a  given  pavement  feature  can  be  determined  by  using  the  fol¬ 
lowing  steps  (Figure  1): 

1.  The  pavement  feature  is  first  divided  into  sample  units.  A  sample 
unit  for  concrete  pavement  is  approximately  20  slabs;  a  sample  unit  for  as¬ 
phalt  is  an  area  of  approximately  5000  square  feet. 

2.  The  sample  units  are  inspected  and  distress  types  and  their  severity 
levels  and  densities  are  recorded.  It  is  imperative  that  criteria  developed 
by  Shahin,  et  al .  (Reference  1)  be  used  to  identify  and  record  the  distress 
types. 


3.  For  each  distress  type,  density,  and  severity  level  within  a  sample 
unit,  a  deduct  value  is  determined  from  an  appropriate  curve  (Reference  1). 
Step  3  of  Figure  1  provides  an  example  of  such  a  curve. 

4.  The  total  deduct  value  (TDV)  is  determined  by  adding  all  deduct 
values  for  each  distress  condition  observed  for  each  sample  unit  inspected. 

5.  A  corrected  deduct  value  (CDV)  is  determined  from  the  appropriate 
curve  (Reference  1);  the  CDV  is  based  on  the  TDV  and  the  number  of  distress 
conditions  observed  with  individual  deduct  values  over  five  points  (see  Step  5 
of  Figure  1). 

6.  The  PCI  for  each  sample  unit  is  calculated  as  follows: 

PCI  =  100  -  CDV  [Equation  2] 

7.  The  PCI  of  the  entire  feature  is  computed  by  averaging  the  PCIs  from 
all  the  sample  units  inspected. 

The  feature's  overall  condition  rating  is  determined  from  Figure  1,  Step 
8,  which  provides  a  verbal  description  of  the  pavement's  condition  as  a  func¬ 
tion  of  its  PCI  value. 

A  procedure  for  inspection  by  sampling,  which  is  based  on  a  statistical 
model,  has  expedited  inspection  without  loss  of  accuracy,  and  has  been  widely 
accepted  and  used  by  the  Air  Force  engineers.  A  computer  program  has  also 
been  developed  to  expedite  the  PCI  calculations  (Reference  1). 
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(calculated  index) 


PCR  (mean  subjective  rating) 


Figure  2.  Correlation  Between  PCR  and  PCI  for  All  Asphalt-  or  Tar- 
Surfaced  Pavement  Sections  Surveyed  (From  M.  Y.  Shahin, 

M.  I.  Darter,  and  S.  D.  Kohn,  Development  of  a  Pavement 
Maintenance  Management  System,  Volume  I,  Airfield  Pavement 
Condition  Rating,  AFCEC-TR-76-27,  Air  Force  Civil  Engineer 
ing  Center  (AFCEC) ,  November  1976). 
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SECTION  III 


PAVEMENT  FEATURE  EVALUATION  FOR  SELECTION 
OF  M&R  ALTERNATIVES 


This  section  presents  steps  for  evaluating  the  condition  of  a  pavement 
feature.  Major  emphasis  is  placed  on  using  the  PCI  and  distress  data  to  de¬ 
termine  condition  because  they  have  been  found  to  correlate  highly  with  M&R 
needs.  Also  presented  are  instructions  for  using  other  direct  measurements  to 
supplement  and  verify  evaluations  in  critical  situations. 

PAVEMENT  EVALUATION  STEPS 

Figure  3  summarizes  the  pavement  condition  evaluation  steps;  the  follow¬ 
ing  is  a  brief  description  of  each  step: 

Overall  Condition 

The  mean  PCI  of  a  pavement  feature  represents  the  pavement's  overall  con¬ 
dition.  This  condition  rating  represents  the  consensus  of  a  group  of  experi¬ 
enced  pavement  engineers  and  correlates  highly  with  maintenance  and  rehabil¬ 
itation  needs  (see  Section  IV). 

The  mean  PCI  of  a  feature  is  determined  by  computing  the  average  of  all 
sample  units  inspected  within  that  feature  (adjusted  if  additional  nonrandom 
units  are  included)  (Reference  1). 

Variation  of  PCI  Within  Features 

Variations  of  materials,  construction,  subgrade,  and/or  traffic  loadings 
may  cause  certain  portions  of  a  given  pavement  feature  to  show  a  significantly 
different  condition  than  the  average  of  the  overall  feature.  Areas  having  a 
poorer  condition  are  of  major  concern.  Variation  within  a  feature  occurs  on 
both  a  localized,  random  basis  (i.e.,  from  material  and  variability),  and  a 
systematic  basis  (i.e.,  from  traffic  patterns). 

Figure  4  has  been  developed  from  field  data  to  provide  guidelines  for  de¬ 
termining  whether  localized  random  variation  exists.  For  example,  if  the  mean 
PCI  of  the  feature  is  59,  any  sample  unit  having  a  PCI  of  less  than  42  should 
be  identified  as  a  localized  bad  area.  This  variation  or  localized  bad  area 
should  be  considered  when  determining  M&R  needs. 

Systematic  variation  occurs  whenever  a  large  concentrated  area  of  the 
feature  has  a  significantly  different  condition  from  the  rest.  For  example, 
if  traffic  is  channelized  into  a  certain  portion  of  a  wide  runway  or  a  large 
apron,  that  portion  may  show  much  more  distress  (or  poorer  condition)  than  the 
rest  of  the  area.  Whenever  a  significant  amount  of  systematic  variability 
exists  within  a  feature,  the  engineer  should  strongly  consider  dividing  it 
into  two  or  more  features. 


7 


Facility:  _ _  Feature:  _ 

1.  Overall  Condition  Rating  -  PCI 

Excellent,  Very  Good,  Good ,  Fair,  Poor,  Very  Poor,  Failed. 

2.  Variation  '  r  Condition  Within  Feature  -  PCI 


a.  Localized  Random  Variation  Yes,  No 

b.  Systematic  Variation:  Yes,  Wo 

3.  Rate  of  Deterioration  of  Condition  -  PCI 


a.  long-term  period  (since 
construction) 

b.  Short-term  period  (1  year) 

4.  Distress  Evaluation 

a.  Cause 

Load  Associated  Distress 
Climate/Durability  Associated 
Other  ( _ )  Associated  Distress 

b.  Moisture  (Drainage)  Effect  on 

5.  Load-Carrying  Capacity  Deficiency 

6.  Surface  Roughness 

7.  Skid  Resistance/Hydroplaning 

(runways  only) 

a.  Mu-Meter 

b.  Stopping  Distance  Ratio 

c.  Transverse  Slope 

8.  Previous  Maintenance 

9.  Effect  on  Mission  (Comments):  _ 


percent  deduct  values 
percent  deduct  values 
percent  deduct  values 

Distress  Minor,  Moderate.  Major 

No,  Yes 

Minor,  Moderate,  Major 


No  hydroplaning  problems 
are  expected 

Transitional 

Potential  for  hydroplaning 
Very  high  probability 

No  hydroplaning  anticipated 
Potential  not  well  defined" 
Potential  for  hyrl’-pplaning 
Very  high  hydroplaning 
potential- 

Poor.  Fair,  Good,  Excellent 
1  ow.  Normal ,  High 


Figure  3.  Airfield  Pavement  Condition  Evaluation  Summary. 
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MEAN  PCI  OF  FEATURE 


Figure  4 


Procedure  to  Determine  Critical  Minimum  Sample  Unit 
PCI  Based  on  Mean  PCI  of  Feature. 
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Pate  of  Deterioration 


The  rate  of  long-term  deterioration  is  determined  from  Figures  5  through 
8  for  jointed  concrete  pavements,  asphalt  overlay  over  concrete,  asphalt  pave¬ 
ments  (no  overlays),  and  asphalt  pavement  that  received  overlays.  These 
graphs  were  developed  based  on  data  from  pavement  features  surveyed  during 
FY76  to  78.  The  features,  located  at  airfields  throughout  the  United  States 
(Figure  9),  were  subjected  to  a  variety  of  traffic  and  climatic  conditions. 

The  hatched  area  in  each  graph  envelops  the  majority  of  data  points  that  re¬ 
present  normal  rates  of  deterioration  actually  occurring  in  the  field.  A 
pavement  feature  above  the  hatched  area  is  considered  to  have  a  low  rate  of 
deterioration,  and  a  feature  below  the  hatched  area  is  considered  to  have  a 
high  rate  of  deterioration. 

The  pavement's  rate  of  deterioration  must  also  be  checked  based  on  a 
short-term  or  yearly  loss  of  PCI.  Whenever  the  mean  PCI  of  a  feature  (as¬ 
suming  that  only  routine  MAR  is  applied)  decreases  by  seven  or  more  PCI 
points,  the  rate  of  deterioration  should  be  considered  high.  If  the  loss  in 
PCI  is  four  to  six  points,  the  short-term  rate  of  deterioration  should  be  con¬ 
sidered  normal  or  average. 

Pavement  Distress 

Examination  of  specific  distress  types,  severities,  and  quantities  pro¬ 
vides  a  valuable  aid  in  determining  the  cause  of  pavement  deterioration,  its 
condition,  and  eventually  its  MAR  needs.  Figures  10  and  11  generally  classify 
distress  types  for  concrete-  and  asphalt-surfaced  pavements  according  to 
cause  and  effect  on  condition.  Conditions  at  each  pavement  will  dictate  which 
distresses  will  be  placed  in  each  group. 

For  evaluation  purposes  (Figure  3),  distresses  have  been  classified  into 
three  groups  based  on  cause:  (1)  load  associated,  (2)  climate/durability  asso¬ 
ciated,  and  (3)  those  caused  by  other  factors.  In  addition,  the  effect  of 
drainage  on  distress  occurrence  should  always  be  investigated. 

The  following  steps  are  a  procedure  for  determining  the  primary  cause  or 
causes  of  pavement  condition  deterioration  for  a  given  feature: 

1.  The  total  deduct  values  attributable  to  load,  climate/durability,  and 
other  associated  distress  are  determined  separately.  For  example,  the  follow¬ 
ing  distresses  were  measured  on  an  asphalt  feature  and  the  deduct  values  de¬ 
termined  (see  p  18): 

Overall  Density 

Distress  Type  Severity  for  Feature 

Medium  6.4 

Low  2.0 


Alligator  cracking 
Transverse  cracking 
Rutting 


Low 
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Deterioration  of  Jointed-Concrete-Surfaced  Airfield  Pavements 


Deterioration  of  Concrete  Pavements  Overlaid  With  AC. 


Deterioration  of  AC  Pavements  That  Have  Been  Overlaid. 


Figure  10.  General  Classification  of  Concrete  Distress  Types  Based  on  Causes  and  Effect 

on  Conditions.  Conditions  at  Each  Pavement  Will  Dictate  What  Specific  Distresses 
Go  Into  Each  Group. 


Figure  11.  General  Classification  of  Asphalt  Distress  Types  Based  on  Causes  and  Effects 
on  Conditions.  Conditions  at  Each  Pavement  Will  Dictate  What  Specific 
Distresses  Go  Into  Each  Group. 


Distress  Type 

Deduct  Value 

Cause 

A1 1 igator  cracking 

50 

Load 

Transverse  cracking 

8 

Cl imate/durabil ity 

Rutting 

20 

Load 

The  total  deduct  value  attributable  to  load  is  70,  and  the  total  deduct  value 
attributable  to  cl imate/durabi 1 ity  is  8. 

2.  The  percentage  of  deducts  attributable  to  load,  climate/du¬ 
rability,  and  other  causes  is  computed.  For  the  above  example  feature, 
the  calculation  is  as  follows: 

Load  =  70/78  x  100  =  90  percent 
Climate/Durability  =  8/78  x  100  =  10  percent 

Total  =  100  percent 

3.  The  percent  deduct  values  attributed  to  each  cause  are  the  basis  for 
determining  the  primary  cause(s)  of  pavement  deterioration.  In  this  example, 
distresses  caused  primarily  by  load  have  resulted  in  90  percent  of  the  total 
deducts,  whereas  all  other  causes  have  produced  only  10  percent.  Thus,  traf¬ 
fic  load  is  by  far  the  major  cause  of  deterioration  for  this  pavement  feature. 

A  study  should  also  be  made  of  the  pavement  drainage  situation.  If  mois¬ 
ture  is  causing  accelerated  deterioration  of  the  pavement,  the  engineer  must 
determine  how  it  is  happening  and  why  (groundwater  table,  infiltration  of  sur¬ 
face  water,  ponding  water  on  the  pavement,  etc.).  If  moisture  is  contributing 
significantly  to  the  rate  of  pavement  condition  deterioration,  ways  must  be 
found  to  prevent  or  minimize  this  problem.  For  example,  when  a  concrete  taxi¬ 
way  was  initially  evaluated  (during  field  visits),  the  PCI  showed  that  the 
long-term  rate  of  deterioration  was  high.  However,  re-examination  of  the 
pavement  showed  that  pumping  occurred  along  most  of  the  joints. 

Load-Carrying  Capacity  Evaluation 

An  airfield  pavement's  load-carrying  capacity  is  defined  in  terms 
of  three  factors:  (1)  the  aircraft  gross  weight,  (2)  the  aircraft  type, 
and  (3)  the  number  of  aircraft  passes  over  the  pavement  until  a  "failed" 
condition  is  predicted.  If  these  three  factors  remain  constant,  the 
load-carrying  capacity  depends  on  the  pavement  structure,  material  prop¬ 
erties,  and  subgrade  soil  properties.  A  series  of  pavement  evaluation 
curves  has  been  developed  by  the  Waterways  Experiment  Station  (WES)  for 
both  flexible  (asphalt)  and  rigid  (concrete)  pavements  for  most  aircraft 
types  and  are  provided  in  Chapters  2  and  3  of  AFM  88-24  (1979  version) 
(Reference  5).  Table  1  gives  the  definitions  of  pass  intensity  level 
used  in  load-carrying  determinations  by  the  Air  Force. 
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TABLE  1.  DEFINITIONS  OF  PASS  INTENSITY  LEVELS  USED 
IN  LOAD-CARRYING  CAPACITY  EVALUATION* 


Pass  Intensity 
Level 


I 

300,000 

passes 

for 

AGI  *• 

1-3 

50,000 

passes 

for 

AG  I 

4-10 

15,000 

passes 

for 

AGI 

11-13 

11 

50,000 

passes 

for 

AGI 

1-3 

15,000 

passes 

for 

AGI 

4-10 

3,000 

passes 

for 

AGI 

11-13 

III 

15,000 

passes 

for 

AGI 

1-3 

3,000 

passes 

for 

AGI 

4-10 

500 

passes 

for 

AGI 

11-13 

IV 

3,000 

passes 

for 

AGI 

1-3 

500 

passes 

for 

AGI 

4-10 

100 

passes 

for 

AGI 

11-13 

•This  table  adapted  from  Airfield  Pavement.  AFM  88-24,  Chapters  2  and  3 
(Department  of  the  Air  Force,  1979) . 


••AIRCRAFT  GROUP  INDEX 


1  2  3  4  5  6  7  8  9  10  11  12  13 


C-123  A-7 

F-lll  C-130  C-7 

B-737 

B-727 

B-707  C-141 

C-5  B-747 

B-52  KC-10A 

A-10 

C-9 

T-43 

KC-97 

E-3 

E-4 

DC-10 

A-37 

L-1011 

F-4 

DC-9 

C-199 

C-135 

F-5 

C-54 

EC-121 

KC-135 

F-14 

C-131 

VC-137 

F-15 

C-140 

F  - 1 6 

T -29 

F-100 

F- 101 

F-102 

F-105 

F-106 

T -33 

T -37 

A-37 

T-38 

T-39 

[ 


Figures  12  and  13  give  sample  curves  for  DC-9  aircraft  for  rigid 
and  flexible  pavements.  The  following  information  is  needed  to  use  the 
concrete  evaluation  curves  (example  data  are  provided): 

Example 


Type  of  traffic  area*  A 
Concrete  flexural  strength  (psi)  700 
Modulus  of  subgrade  support  (k ) -_i b/cu  in.  25 
Gross  aircraft  weight  (kips)  125 
PCC  slab  thickness  (inches)  12 


The  number  of  DC-9  aircraft  passes  over  the  feature  to  initial  cracking  is  de 
termined  from  Figure  12.  Using  the  example  data,  80  passes  are  obtained. 

The  following  information  is  needed  to  use  the  asphalt  (or  flexible) 
pavement  curves  (example  data  are  provided): 


Exampl e 


Type  of  traffic  area  A 

Thickness  of  pavement  structure  (inches)  21 
Gross  aircraft  weight  (kips)  100 

CBR  of  subgrade  (percent)  4 


The  number  of  DC-9  aircraft  passes  to  initial  cracking  is  determined  from 
Figure  13.  Using  the  example  data,  920  passes  are  obtained.  It  is  important 
to  realize  that  pavement  performance  is  highly  variable  and  that  these  curves 
are  conservative;  pavements  may  carry  more  traffic  to  initial  cracking  than 
the  curves  indicate. 

A  pavement  feature  can  be  evaluated  for  its  load-carrying  capacity  using 
the  following  procedure: 

1.  Determine  the  pavement  structure  and  material  properties  (including 
subgrade)  required. 

2.  Estimate  the  number  of  passes  over  the  feature  of  each  major  aircraft 
since  the  feature  was  constructed  (call  these  n^. 

3.  Determine  the  allowable  number  of  aircraft  passes  to  initial  cracking 
using  the  evaluation  curves  for  each  aircraft  type  (i.e..  Figures  12  and  13; 
(call  these  N^. 

4.  Determine  whether  the  pavement  load-carrying  capacity  has  been  ex¬ 
ceeded  by  any  aircraft  (i.e.,  when  n.  >  N^). 

Research  is  under  way  to  develop  nondestructive  testing  methods  and  cri¬ 
teria  for  evaluating  the  load-carrying  capacity  of  airfield  pavements.  The 
results  of  this  development  (when  successful)  may  be  used  to  replace  the  pro¬ 
cedure  outlined  in  this  subsection. 

♦Pavements  are  classified  into  traffic  areas  A,  B,  C,  or  D  according  to  Air 
Force  Manual  No.  88-6,  Chapter  1. 
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Figure  12.  Rigid  Pavement  Evaluation  Curves,  DC-9,  Type  A  Traffic  Areas 


Pavement  Evaluation  Curves,  DC-9,  Type  A  Traffic  Areas 


Surface  Roughness 


There  are  three  ways  to  estimate  surface  roughness.  First,  pilot  com¬ 
plaints  are  considered  to  be  subjective  but  highly  reliable  sources  of  qual¬ 
itative  roughness  information.  These  reports  reflect  aircraft  ride  quality  as 
well  as  surface  roughness;  therefore,  the  additional  factor  of  aircraft 
vibration  is  included. 

Second,  certain  distress  types  contained  in  the  PCI  may  be  correlated 
with  localized  roughness,  as  shown  in  Figures  10  and  11.  However,  experience 
has  indicated  that  it  is  difficult  or  impossible  to  see  the  longer  wavelengths 
which  affect  aircraft  ride  quality  while  inspecting  a  runway  surface. 

Third,  the  roughness  may  be  quantitatively  evaluated  on  a  relative  basis 
by  analyzing  measured  profile  elevation  data.  The  development  of  this  ap¬ 
proach  formed  a  large  part  of  a  joint  Federal  Aviation  Administration  (FAA) 
and  Air  Force  research  program  (Reference  6).  This  method  requires  the  devel¬ 
opment  of  rapid  elevation-measuring  instruments  and  suitable  data-processing 
techniques  involving  filtering  and  statistical  analysis  of  random  data.  The 
use  of  computer  programming  to  estimate  aircraft  vibration  response  is  also 
required. 

Both  PCI  and  surface  elevation  data  were  measured  for  several  features  at 
two  airfields.  A  statistical  regression  and  correlation  analysis  was  used  on 
these  data  to  determine  whether  PCI  could  be  used  to  estimate  roughness  (or 
vice  versa)  (Reference  6).  Some  significant  correlation  was  observed  from  the 
available  data,  which  indicated  that  the  lower  the  mean  feature  PCI,  the 
higher  the  root  mean  square  of  elevation  data  (roughness),  provided  the  rough¬ 
ness  was  not  built  into  the  pavement  during  construction. 

Skid  Resistance  Hydroplaning  Potential 

Pavement  skid  resistance  as  measured  by  the  Air  Force  (Reference  7)  is 
reported  in  terms  of  the  coefficient  of  friction  (MU)  determined  from  the  Mu- 
Meter,  and  the  wet-to-dry  stopping  distance  ratio  (SDR)  measured  by  a  diago¬ 
nally  braked  vehicle  (References  8  and  9). 

Research  data  were  used  to  develop  breakpoints  in  the  values  of  MU  and 
SDR  in  order  to  define  potential  hydroplaning  problems.  Table  2  summarizes 
the  evaluation  ratings.  Transverse  slope  measurements  were  also  made  along 
both  sides  of  the  runway  centerline  to  indicate  the  runway  surface's  drainage 
characteristics.  Slopes  downward  from  the  centerline  indicate  that  water 
drains  to  the  runway  edge;  an  upward  slope  indicates  that  the  drainage  crosses 
the  runway  centerline  before  draining  to  the  edge.  Recommended  guidelines  in¬ 
dicate  that  surface  slopes  in  excess  of  1  percent  promote  good  to  excellent 
drainage  conditions;  the  drainage  characteristics  of  the  runway  are  rated  in 
terms  of  this  general  statement  (Reference  7).  Measurement  of  the  transverse 
slope  can  also  be  accomplished  through  standardized  survey  techniques. 

Measurements  are  required  to  adequately  evaluate  the  skid  resistance/hy¬ 
droplaning  characteristics  of  a  runway.  Periodic  evaluation  at  approximately 
5-year  intervals  is  the  current  Air  Force  procedure.  However,  if  the  appro¬ 
priate  equipment  is  not  available,  the  engineer  can  make  an  approximate  visual 
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TABLE  2.  EVALUATION  RATINGS 


Mu-Meter  Airfield  Pavement  Rating* 


MU 

Expected  Aircraft 
Braking  Response 

Response 

Greater  than  0.50 

Good 

No  hydroplaning  problems 
are  expected 

0.42 

-  0.50 

Fair 

Transitional 

0.25 

-  0.41 

Margi nal 

Potential  for  hydroplaning 
for  some  aircraft  exists 
under  certain  wet  conditions 

'  ^SS 

than  0.25 

Unacceptabl  e 

Very  high  probability  for 
most  aircraft  to  hydroplane 

Stopping  Distance  Ratio  Airfield  Pavement 
Rating  (Diagonally  Braked  Vehicle)* ** 


sm 


Hydroplaning  Potential 


1.0  -  2.5 


2.5  -  3.2 


3.2  -  4.4 


Greater  than  4.4 


No  hydroplaning  anticipated 
Potential  not  well  defined 
Potential  for  hydroplaning 
Very  high  hydroplaning  potential 


*  From  G.  D.  Ballentine,  The  Air  Force  Weapons  Laboratory  Skid 
Resistance  Research  Program,  1969-1974,  Final  Report  AFWL-TR-74-181 
(Air  Force  Weapons  Laboratory,  1975). 

**  Adapted  from  Ballentine;  source  of  ratings  adjusted  to  reflect  use  of 
15-inch  tires  on  the  diagonally  braked  vehicle.  Values  shown  are 
subject  to  revision. 


evaluation.  Figures  10  and  11  list  the  types  of  distress  that  cause  skid  re¬ 
sistance/hydroplaning  problems  on  asphalt-  and  concrete-surfaced  pavements. 

The  engineer  should  remember  that  any  decision  based  on  observable  distress 
alone  is  only  judgmental. 

Previous  M&R  Applied 

A  pavement  feature  can  be  kept  in  operating  condition  almost  indefinitely 
if  extensive  M&R  is  applied  continually.  However,  there  are  major  drawbacks 
to  this  maintenance  strategy,  such  as  overall  cost,  downtime  of  feature, 
increase  in  roughness  caused  by  excessive  patching,  limitations  of  manpower 
and  equipment,  and  airfield  mission  requirements  The  amount  and  types  of 
previous  M&R  applied  to  a  pavement  feature  are  important  factors  in  deciding 
what  type  of  M&R  is  needed.  A  pavement  having  a  large  portion  which  has  been 
patched  or  replaced  must  have  had  many  previous  distress  problems  which  are 
likely  to  continue  in  the  future. 

Permanent  patching  of  asphalt  pavements  and  large  areas  of  patching  (over 
5  square  feet)  and/or  slab  replacement  of  concrete  pavement  may  be  used  as 
criteria  for  evaluating  previous  maintenance.  Patching  and/or  slab  replace¬ 
ment  ranging  between  1.5  to  3.5  percent  (based  on  surface  area  for  asphalt  and 
number  of  slabs  for  concrete)  is  considered  normal;  more  than  3.5  percent  is 
considered  high,  and  less  than  1.5  percent  is  considered  low.  Some  pavement 
features  may  have  received  an  excessive  amount  of  M&R  other  than  patching.  If 
the  engineer  feels  that  a  feature  should  be  evaluated  as  having  high  previous 
maintenance,  then  this  evaluation  should  take  precedence  over  evaluation  cri¬ 
teria  based  on  only  patching  and  slab  replacement. 


EFFECT  ON  MISSION 

Constraints  and/or  policy  imposed  by  mission  on  M&R  alternative  selection 
should  be  identified.  Types  of  constraints  include  facility  (such  as  runway), 
closure  time.  Foreign  Object  Damage  (FOD)  potential,  and  possible  change  in 
mission  aircraft. 

For  example,  in  areas  where  FOD  potential  represents  a  severe  problem, 
the  alternative  of  applying  a  surface  aggregate  seal  coat  should  be  avoided 
even  though  it  may  be  the  most  economical  solution.  Similarly,  if  an  M&R  al¬ 
ternative  requires  temporary  relocation  of  mission,  either  the  cost  of  relo¬ 
cation  should  be  considered,  or  the  alternative  should  be  considered  as  un¬ 
feasible  and  avoided. 
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SECTION  IV 


GUIDELINES  FOR  SELECTION  OF  FEASIBLE 
M&R  ALTERNATIVES 


This  section  provides  guidelines  for  selecting  feasible  M&R  alternatives 
based  on  results  of  the  pavement  evaluation  process  described  in  Section  III. 
M&R  alternatives  are  first  categorized  into  three  groups:  routine,  major,  and 
overall.  The  guidelines  are  procedures  for  selecting  the  optimum  category, 
and  then  identifying  feasible  alternatives. 


DEFINITION  OF  M&R  CATEGORIES 

M&R  can  be  divided  into  three  general  categories  for  convenience  of  anal¬ 
ysis  and  discussion. 

Routine  M&R 

Routine  M&R,  which  is  preventive  and/or  minor  localized  M&R,  includes 
methods  that  preserve  pavement  condition  and  retard  its  deterioration.  These 
methods  include  crack  sealing,  joint  sealing,  application  of  fog  seals  and  re- 
juvenators,  any  amount  of  skin  patching,  application  of  heat  and  rolling  sand, 
placement  of  small  patches  for  concrete  (less  than  5  square  feet),  and  patch¬ 
ing  of  joint  and  corner  spalls.  However,  partial-depth  or  full-depth  patch¬ 
ing,  slab  replacement,  slab  undersealing,  slab  jacking,  and  slab  grinding  are 
considered  routine  only  if  they  are  applied  to  a  small  area  of  the  pavement 
feature  (usually  less  than  3.5  percent). 

Mac  or  Localised  M&R 

Major  localized  M&R,  an  extended  form  of  localized  M&R,  includes  parti  a1 - 
depth  or  full-depth  patching,  slab  replacement,  slab  undersealing,  and  slab 
grinding.  These  methods  are  considered  to  be  major  localized  M&R  only  when 
they  are  applied  to  a  large  area  or  portion  of  the  pavement  feature  (usually 
more  than  3.5  percent  of  the  feature).  Other  M&R  methods  included  in  this 
category  are  application  of  aggregate  seal  over  the  entire  feature  and  the 
reconstruction  of  many  joints  in  a  concrete  pavement. 

Overall  M&R 

Overall  M&R  covers  the  entire  pavement  feature  and  usually  improves  its 
load-carrying  capacity.  This  category  includes  overlaying  with  asphalt  or 
concrete,  reprocessing  or  recycling  of  existing  pavements,  and  total  recon¬ 
struction. 


M&R  GUIDELINES 

Excellent  correlation  was  observed  between  the  PCI  and  M&R  categories. 
The  correlation  was  based  on  results  obtained  for  37  airfield  pavement  fea¬ 
tures,  using  the  consensus  of  10  experienced  pavement  engineers.  The  37 
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pavement  features  consisted  of  runways,  taxi  ways,  and  aprons  and  represented  a 
wide  variety  of  climates,  traffic,  ages,  and  structure.  Eighteen  of  the  fea¬ 
tures  were  asphalt-  or  tar-surfaced  pavements;  19  were  jointed  concrete. 

During  the  field  surveys,  all  existing  distress  was  measured,  35-mm  color 
slides  were  taken,  pavement  structure  and  age  were  determined,  and  the  primary 
aircraft  using  each  feature  was  identified.  The  engineers  used  this  infor¬ 
mation  as  a  basis  for  making  M&R  decisions.  (The  PCIs  for  these  features  were 
not  available  to  the  engineers  when  they  were  recommending  M&R  requirements.) 

Figure  14  summarizes  the  results  of  the  engineers'  decisions.  The 
vertical  axis  is  the  percentage  of  engineers  recommending  routine,  major,  or 
overall  M&R  within  the  next  2  years  of  the  pavement’s  life,  and  the  horizontal 
axis  is  the  pavement  condition  rating.  These  results  show  that  the  higher  the 
PCI  (condition  rating),  the  greater  the  percentage  of  engineers  selecting  only 
routine  M&R;  and  the  lower  the  PCI,  the  greater  the  percentage  of  engineers 
choosing  overall  M&R.  In  the  middle  of  the  PCI  scale  (40  to  70),  there  was  a 
lack  of  consensus. 

Based  on  these  results,  four  M&R  zones  were  established  to  provide  guide¬ 
lines  for  selecting  M&R.  As  shown  in  Figure  15,  these  zones  conveniently  fit 
the  condition  rating  zones  used  with  the  PCI.  The  four  zones  6re  described  in 
the  following  paragraphs. 

Routine  M&R  (R-Zone) 

For  this  zone,  nearly  all  the  engineers  recommended  only  routine  M&R  over 
the  next  2  years.  Determinations  of  the  specific  routine  M&R  methods  were 
based  on  distress  types  and  severities,  as  presented  in  Tables  3  and  4.  Major 
or  overall  M&R  would  only  be  recommended  in  exceptional  cases  and  where  the 
pavement  condition  evaluation  (Figure  3)  indicates  that  one  or  more  of  the 
following  conditions  exists: 

1.  Load-associated  distress  accounts  for  a  majority  of  the  distress 
deduct  value 

2.  Load-carrying  capacity  is  deficient,  as  indicated  by  a  "Yes"  rating 

3.  Rate  of  pavement  deterioration  is  rated  high 

4.  Previous  M&R  applied  is  rated  high 

5.  Surface  roughness  is  rated  major 

6.  Skid  resistance/hydroplaning  potential  is  rated  very  high 

7.  A  change  in  mission  requires  greater  load-carrying  capacity. 

Thus,  the  pavement  engineer  should  concentrate  on  applying  routine  M&R  to 
pavement  features  within  this  zone.  Timely  and  effective  routine  M&R  will 
reduce  the  rate  of  pavement  deterioration. 

Routine  Major  Overall  Zone  (R-M-0  Zone ) 

This  zone  includes  all  pavement  features  having  PCIs  ranging  between  41 
and  70,  or  a  condition  rating  of  "fair"  and  "good."  Figure  14  shows  that 
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Figure  14.  Percentage  of  Engineers  SeV'ting  Routine,  Major,  and  Overall  M&R 
Within  2  Years  Versus  Pavement  Condition  Rating. 
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M  a  R  ZONE 


RATING 


EXCELLENT 


Figure  15.  Correlation  of  M&R  Zones  With  PCI  and  Condition  Rating. 


29 


<D 

> 

QJ 


S- 

<D 

> 

<u 

to 

cu 

c 

o 


»-  >> 
C  4^ 
O  -r- 


S- 

cr>  <D 

C 

> 

•r- 

01 

> 

to 

03 

.C 

* 

o 

0) 

r— 

Cl 

>>+j 

4-> 

03 

CO 

CO 

CO 

to 

0) 

0) 

s- 

i- 

4-> 

-*-> 

CO 

to 

•r— 

•r— 

TD 

■o 

II 

II 

<  JSI 


30 


distress  at  medium  seven 
distress  at  high  severity 


TABLE  4.  ALTERNATIVES  FOR  PREVENTIVE  AND  LOCALIZED  M&R  METHODS  FOR  ASPHALT-  OR  TAR-SURFACED 
AIRFIELD  PAVEMENTS 
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there  was  general  disagreement  among  the  engineers  concerning  which  type  of 
MAR  should  be  applied.  Generally,  however,  the  higher  the  PCI  in  this  zone, 
the  higher  the  percentage  of  engineers  recommending  routine  M&R.  It  is  there¬ 
fore  recommended  that  either  routine  or  major  M&R  generally  be  applied  to 
pavement  features  in  this  zone  (particularly  for  those  having  a  "good" 
rating).  The  specific  routine  or  major  M&R  alternative  selected  will  depend 
on  the  type  of  distress  and  severities,  as  presented  in  Tables  3  and  4. 

Overall  M&R  should  be  considered  only  if  the  condition  evaluation  indi¬ 
cates  that  one  or  more  of  the  items  listed  exist  in  1  through  7  in  the  R-Zone 
description  above.  Conditions  for  each  specific  pavement  will  dictate  fea¬ 
sible  overall  M&R  alternatives.  Table  5  lists  various  types  of  overall  M&R 
methods. 

Major  Overall  Zone  (M-0  Zone) 

This  zone  includes  all  pavement  features  having  PCIs  ranging  between  26 
and  40,  or  a  condition  rating  of  "poor."  Figure  14  shows  that  the  consensus 
among  the  engineers  indicates  that  pavement  features  in  this  condition  should 
receive  either  major  or  overall  M&R  within  the  next  2  years.  For  example,  80 
percent  of  the  engineers  recommended  one  feature  having  a  PCI  of  35  for  over¬ 
all  M&R,  while  20  percent  recommended  major  M&R  (none  recommended  routine 
M&R).  Some  engineers  apparently  felt  that  a  pavement  in  this  condition  needs 
significant  M&R  to  prevent  it  from  exceeding  the  point  of  economical  repair, 
while  many  others  felt  that  it  has  already  exceeded  that  point.  The  decision 
to  select  major  or  overall  M&R  should  be  primarily  based  on  an  economic  anal¬ 
ysis  of  the  alternatives.  However,  if  the  condition  evaluation  indicates  that 
one  or  more  of  items  1  through  7  exist,  overall  M&R  should  be  strongly  consid¬ 
ered.  Tables  3,  4,  and  5  present  guidelines  for  selecting  specific  alterna- 
ti ves. 

Overall  Zone  (O-Zone) 

This  zone  includes  all  pavement  features  having  PCIs  ranging  between  0 
and  25,  with  a  condition  rating  of  "very  poor"  or  "failed."  Figure  14  shows 
that  there  was  a  consensus  among  the  engineers  that  pavement  features  in  this 
condition  should  receive  only  overall  M&R  within  the  next  2  years.  The  ex¬ 
perienced  engineers  apparently  felt  that  a  pavement  feature  in  this  condition 
is  beyond  the  point  of  economical  repair  and  that  only  an  overall  M&R  would 
provide  adequate  results.  Table  5  lists  various  overall  M&R  methods.  Deter¬ 
mination  of  feasible  alternatives  is  based  on  conditions  specific  to  each 
pavement.  Determination  of  which  overall  M&R  alternative  to  select  should  be 
based  on  an  economic  analysis  of  the  feasible  alternatives. 
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TABLE  5.  TYPES  OF  OVERALL  REPAIR 


Joi nted-Concrete-Surfaced  Pavements 


1.  Overlay  with  unbonded,  partially  bonded,  or  fully  bonded  Port¬ 
land  cement  concrete  (rigid  overlay). 

2.  Overlay  with  all -bituminous  or  flexible  overlay  (nonrigid  over¬ 
lay). 


3.  Portland  cement  concrete  pavement  recycling*  --  a  process  by 
which  an  existing  Portland  cement  concrete  pavement  is  processed  into 
aggregate  and  sand  sizes,  then  used  in  place  of,  or  in  some  instances 
with  additions  of  conventional  aggregates  and  sand,  into  a  new  mix  and 
placed  as  a  new  Portland  cement  concrete  pavement. 

4.  Pulverize  existing  surface  in  place,  compact  with  heavy 
rollers,  place  aggregate  on  top,  and  overlay. 

5.  Replace  keel  section,  i.e.,  remove  central  portion  of  pavement 
feature  (subjected  to  much  higher  percentage  of  traffic  coverages  than 
rest  of  pavement  width)  and  replace  with  new  pavement  structure. 

6.  Reconstruct  by  removing  existing  pavement  structure  and  re¬ 
placing  with  a  new  one. 

7.  Grind  off  thin  layer  of  surface  if  predominant  distress  is 
scaling  or  other  surface  distresses;  overlay  may  or  may  not  be  applied. 

8.  Groove  surface  if  poor  skid  resistance/hydroplaning  potential 
is  the  main  reason  for  overall  M&R. 

Asphalt-  or  Tar-Surfaced  Pavements 

1  Overlay  with  al 1 -bituminous  or  flexible  overlay. 

2.  Overlay  with  Portland  cement  concrete  (rigid  overlay). 

3.  Hot-mix  asphalt  pavement  recycling*  --  one  of  several  methods 
where  the  major  portion  of  the  existing  pavement  structure  (including, 
in  some  cases,  the  underlying  untreated  base  material)  is  removed, 
sized,  and  mixed  hot  with  added  asphalt  cement  at  a  central  plant.  The 
process  may  also  include  the  addition  of  new  aggregate  and/or  a  soft¬ 
ening  agent.  The  finished  product  is  a  hot-mix  asphalt  base,  binder,  or 
surface  course. 


*1 ni ti at i on  of  National  Experimental  and  Evaluation  Program  (NEEP) 
Project  No.  22,  Pavement  Recycling,  Notice  N  $680.64  (Federal 
Highway  Administration  LFHWAJ  June  3,  1977). 
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TABLE  5.  TYPES  OF  OVERALL  REPAIR  (CONCLUDED) 


4.  Cold-mix  asphalt  pavement  recycling*  --  one  of  several  methods 

,  where  the  entire  existing  pavement  structure  (including,  in  some  cases, 

j  the  underlying  untreated  base  material)  is  processed  in  place  or  removed 

and  processed  at  a  central  plant.  The  materials  are  mixed  cold  and  can 
be  reused  as  an  aggregate  base,  or  asphalt  and/or  other  materials  can  be 
added  during  mixing  to  provide  a  higher-strength  base.  This  process  re¬ 
quires  use  of  an  asphalt  surface  course  or  surface  seal  coat. 

5.  Asphalt  pavement  surface  recycling*  --  one  of  several  methods 
where  the  surface  of  an  existing  asphalt  pavement  is  planed,  milled,  or 
heated  in  place.  In  the  latter  case,  the  pavement  may  be  scarified,  re¬ 
mixed,  relaid,  and  rolled.  In  addition,  asphalts,  softening  agents, 
minimal  amounts  of  new  asphalt  hot-mix,  aggregates,  or  combinations  of 
these  may  be  added  to  obtain  desirable  mixture  and  surface  character¬ 
istics.  The  finished  product  may  be  used  as  the  final  surface,  or  may, 
in  some  instances,  be  overlaid  with  an  asphalt  surface  course. 

6.  Apply  a  porous  friction  course  to  restore  skid  resistance  and 
eliminate  hydroplaning  potential. 

7.  Replace  keel  section,  i.e.,  remove  central  portion  of  pavement 
feature  (subjected  to  much  higher  percentage  of  traffic  coverage  than 
rest  of  pavement  width)  and  replace  with  new  pavement  structure. 

8.  Reconstruct  by  removing  existing  pavement  structure  and  re¬ 
placing  with  a  new  one. 


♦Initiation  of  National  Experimental  and  Evaluation  Program  (NEEP) 
Project  No.  22,  Pavement  Recycling,  Notice  N  5060.64  (Federal  Highway 
Administration  LFHWAj  June  3,  1977). 
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SECTION  V 


PROCEDURE  FOR  PERFORMING  ECONOMIC 
ANALYSIS  AMONG  M&R  ALTERNATIVES 


The  results  of  the  pavement  condition  evaluation  and  the  guidelines  for  M&R 
selection  may  indicate  that  the  engineer  should  consider  more  than  one  M&R  al¬ 
ternative.  Selecting  the  best  alternative  often  requires  performing  an 
economic  analysis  to  compare  the  cost  effectiveness  of  all  feasible  alterna¬ 
tives.  This  section  presents  an  economic  analysis  procedure  which  compares 
M&R  alternatives  based  on  present  worth.  The  procedure  for  determining  the 
present  worth  of  each  alternative  consists  of  the  steps  shown  in  Figure  16. 
Following  is  a  brief  description  of  each  of  the  steps: 

1.  Select  an  economic  analysis  period  (in  years).  The  period  generally 
used  in  pavement  analysis  ranges  from  10  to  30  years,  depending  on  future  use 
of  the  feature  (abandonment,  change  of  mission,  etc.).  Using  the  present- 
worth  method  of  economic  analysis,  the  analysis  period  should  be  the  same  for 
all  alternatives. 

2.  Select  interest  and  inflation  rates  to  be  used  in  calculating  the 
present  cost.  This  is  a  very  important  step  since  the  selected  rates  have  a 
significant  impact  on  the  ranking  of  the  alternatives  with  respect  to  their 
present  worth.  The  effect  of  interest  rate  (assuming  constant  inflation  rate) 
on  the  ranking  of  M&R  alternatives  is  illustrated  in  Figure  17.  Detailed 
background  information  for  Figure  17  is  provided  in  Section  VII.  From  the 
figure,  it  can  be  noted  that  as  the  interest  rate  increases,  alternatives  with 
higher  initial  cost  become  less  attractive  (based  on  cost)  when  compared  to 
alternatives  with  higher  future  costs  (such  as  localized  repair  as  needed). 

The  selection  of  the  rates,  therefore,  should  be  based  on  Air  Force  policies 
and  guidelines.  It  should  be  indicated,  however,  that  the  inflation  rate  used 
to  compute  present  worth  is  the  differential  inflation  rate,  i.e.,  the  rate  of 
cost  increase  above  the  general  inflation  rate.  Therefore,  if  the  cost 
increase  of  a  specific  item  is  in  line  with  the  cost  growth  experienced  by  the 
economy,  the  differential  inflation  rate  is  assumed  to  be  zero. 

3.  Estimate  the  annual  cost  for  each  M&R  alternative  for  every  year  work 
is  planned  during  the  analysis  period.  These  estimates  should  be  based  on 
current  prices. 

4.  Determine  the  salvage  value  (SV)  of  an  M&R  alternative  as  follows: 

SV  =  B-R  [Equation  3] 

where  B  =  cost  of  building  a  new  pavement  on  top  of  the  subgrade;  this 
cost  should  be  kept  the  same  for  all  M&R  alternatives 

R  =  cost  of  rehabilitation  at  the  end  of  the  analysis  period  for 
the  M&R  alternative  under  consideration  so  that  the  pavement 
will  be  equivalent  to  a  new  pavement  (all  costs  should  be 
determined  based  on  current  prices) 


The  salvage  value  as  defined  here  is  the  relative  value  of  the  selected 
alternative  at  the  end  of  the  analysis  pe-iod  (which  may  be  a  negative  value 
if  it  is  badly  deteriorated). 

5.  Compute  the  present  worth  for  each  M&R  alternative  as  follows: 

n 

Present  worth  =  [}'.  C.  xf.]-SVxf  [Equation  4] 

i=l  1  1  n 

where  n  =  number  of  years  in  the  analysis  period 

=  M&R  cost  for  year  i  calculated  based  on  current  prices 

a,  h 

f.  =  present  worth  factor  for  iL  year  that  is  function  of  the 

,  1  +  r.vi 

interest  rate  (r^J,  and  inflation  rate  (rf);  f.  =  y  — ) 

f  =  present  worth  factor  at  the  end  of  analysis  period. 

By  substituting  Equation  3  into  Equation  4,  Equation  4  becomes 

Present  worth  =  [Z  C.  x  f.]  -  (B-R)  x  f  [Eauation  5] 

i=l  11  n 

Since  the  value  of  B  is  the  same  for  all  M&R  alternatives,  its  value  may 
be  assumed  to  be  zero  for  comparative  purpose.  Thus,  Equation  5  becomes: 

Present  worth  =  [Z  C.  x  f.]  +  R  x  f  [Equation  6] 

i=l  1  1  n 

The  physical  interpretation  of  Equation  6  is  that  the  present  worth  of 
any  M&R  alternative  is  the  sum  of  all  the  discounted  M&R  costs  durinq  the 
analysis  period  plus  the  cost  of  rehabilitating  the  pavement  at  the  end  of  the 
analysis  period  (so  that  it  will  be  equivalent  to  a  new  pavement)  as  discounted 
to  the  present.  The  use  of  either  Equation  5  or  6  in  computing  the  present 
worth  of  each  M&R  alternative  will  not  chanqe  the  ranking  of  the  various  M&R 
alternatives. 

After  completion  of  these  basic  steps,  comparing  the  present  worth  for 
all  M&R  alternatives  will  help  the  pavement  engineer  select  the  most  economical 
repair  alternative.  Figure  18  illustrates  a  format  designed  to  simplify  use 
of  the  procedure  for  computing  the  present  worth  of  each  M&R  alternative. 

A  number  of  predictions  and  assumptions  must  be  made  in  order  to  perform 
the  economic  analysis.  The  engineer  must  therefore  use  judgment  in  selecting 
the  best  inputs. 

Efforts  are  currently  under  way  to  develop  models  for  predicting  the  con¬ 
sequences  of  applying  various  M&R  alternatives.  These  would  include  models 
for  predicting  PCI  and  key  distress  types  as  the  function  of  pavement  structure, 
traffic,  environment,  material  properties,  and  M&R  method.  When  completed, 
these  modeis  will  provide  valuable  input  to  the  economic  analysis  procedure. 
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„„  *  ,  PRESENT 
COST  $  f  WORTH  $ 


TOTAL 

$ 

SALVAGE  VALUE*  *  $ _ 

PRESENT  WORTH  *  $ 

SECTION  VI 


EXAMPLE  APPLICATION  OF  M&R  GUIDELINES  — 
ASPHALT  RUNWAY  FIELD  CASE 


This  section  provides  an  example  application  of  the  overall  procedure  for 
determining  optimum  M&R  requirements.  The  steps  of  the  application  are  data 
collection,  condition  evaluation,  selection  of  feasible  M&R  alternatives, 
economic  analysis,  and  selection  of  the  optimum  M&R  alternative. 

The  pavement  used  in  this  example  is  the  asphaltic  concrete  (AC)  portion 
of  a  runway  located  in  North  Carolina.  Figure  19  shows  the  airfield  layout 
plan.  The  runway  (R/W  5/23)  is  the  airfield's  only  runway  and  is  7500  feet 
long  and  150  feet  wide.  The  first  1000  feet  from  threshold  23  are  constructed 
with  17-inch  PCC  slabs,  and  the  first  300  feet  from  threshold  5  are  construc¬ 
ted  with  12-inch  PCC  slabs.  The  rest  of  the  runway  is  surfaced  with  AC  and  is 
made  up  of  variable  pavement  structures  (Figure  20).  The  primary  aircrafts 
using  the  runway  are  the  C-130  and  C-141.  The  pavement  is  exhibiting  dis¬ 
tress,  and  the  engineer  is  concerned  about  the  current  pavement  deterioration 
and  the  amount  of  maintenance  required  to  correct  it. 

A  pavement  condition  survey  was  performed  on  the  runway  in  December  1977. 
Prior  to  this  survey,  it  had  been  observed  that  the  concrete  ends  of  the 
runway  were  in  very  good  condition  and  that  most  distress  in  the  AC  surface 
occurred  within  the  central  75  feet.  A  condition  survey  of  a  few  sample  units 
located  at  the  outside  of  the  runway  showed  that  the  condition  rating  was  ex¬ 
cellent.  Therefore,  only  the  central  75  feet  were  considered  when  determining 
M&R  requirements.  Figure  20  shows  the  PCI  values  for  the  individual  sample 
units  and  features  surveyed,  and  these  features'  construction  history.  Fea¬ 
ture  R6C  was  divided  into  two  features  —  R6C(A)  and  R6C(B)  —  because  of  a 
large  difference  in  PCI.  R6C(A)  had  a  PCI  of  51,  while  R6C(B)  had  a  PCI  of 
81.  Pavement  cores  taken  from  the  feature  by  the  AFESC  showed  that  the  sur¬ 
face  thickness  for  R6C (B )  was  7.5  inches,  but  was  only  5  inches  for  R6C ( A) . 


DATA  COLLECTION 

Sample  units  were  alternately  surveyed  and  skipped  throughout  the  entire 
length  of  the  central  75  feet  of  the  AC  runway  portion.  Each  sample  unit  was 
50  feet  long.  Figure  20  is  a  plot  of  the  PCI  along  the  runway.  Table  6  sum¬ 
marizes  the  estimated  distress  found  in  each  pavement  feature  (extrapolated 
based  on  the  number  of  sampl°  units  surveyed)  and  the  corresponding  deduct 
values.  Figures  21  through  25  are  representative  photographs  of  different 
pavement  features  in  the  runway. 


CONDITION  EVALUATION 

Table  7  provides  a  breakdown  of  the  distress  types  and  percent  deduct 
values  in  terms  of  load  and  climate.  An  overall  evaluation  was  performed  for 
each  feature  to  select  feasible  M&R  alternatives.  Figures  26  and  27  show  the 
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Figure  20.  Construction  History  of  Entire  Runway  anti  PCI  Profile  for  Central  75  Feet. 


TABLE  6.  DISTRESS  DATA  FOR  INDIVIDUAL  FEATURES 


Estimated  Distress  for 

Feature: 

R2B-Center  75 

Feet  Pope 

AFB 

Distress-Type 

Severity 

Quantity 

Density  (%) 

Deduct  Value 

A1 1 i gator  Cracki nq 

Low 

2762 

6.13 

38.1 

A1 1 i gator  Cracking 

Medi um 

2014 

4.47 

45.4 

Block  Cracking 

Low 

1352 

3.00 

11.2 

Joint  Reflection  Crk 

Low 

150 

0.33 

0.1 

Joint  Reflection  Crk 

Medium 

72 

0.16 

Long/Transv  Crk 

Low 

656 

1.45 

6.4 

Long/Transv  Crk 

Medium 

454 

1.00 

11.5 

Estimated  Distress  for 

Feature: 

R3C-Center  75 

Feet  Pope 

AFB 

Distress-Type 

Severity 

Quanti ty 

Density  (%) 

Deduct  Value 

A1 1 i gator  Cracking 

Low 

J20~ 

0.60 

15.7 

A1 1  igator  Cracking 

Med i um 

468 

0.89 

28.2 

A1 1 i gator  Cracking 

High 

80 

0.15 

19.5 

Block  Cracking 

Low 

2800 

5.33 

14.1 

Block  Cracking 

Medi um 

1700 

3.23 

16.4 

Long/Transv  Crk 

Low 

760 

1.44 

6.3 

Long/Transv  Crk 

Medium 

950 

1.80 

15.4 

Long/Transv  Crk 

High 

50 

0.09 

6.7 

Rutting 

Low 

180 

0.34 

11.4 

Rutting 

Medium 

400 

0.76 

22.3 

Estimated  Distress  for 

Feature: 

R4C-Center  75 

Feet  Pope 

AFB 

Distress-Type 

Severity 

Quantity 

Density  (%) 

Deduct  Value 

Alligator  Cracking 

Low 

1.13 

21.5 

Block  Cracking 

Low 

320 

0.85 

7.4 

Long/Transv  Crk 

Low 

376 

1.00 

5.5 

Long/Transv  Crk 

Medium 

238 

0.63 

8.9 

Estimated  Distress  for 

Feature: 

R5C-Center  75 

Feet  Pope 

AFB 

Di stress-Type 

Severity 

Quantity 

Density  (%) 

Deduct  Value 

A1 1 i gator  Cracking 

Low 

6476 

2.97 

31.3 

A1 1 i gator  Cracking 

Medium 

2323 

1.06 

30.0 

Block  Cracking 

Low 

4833 

2.22 

10.1 

Block  Cracking 

Medium 

4640 

2.13 

14.5 

Long/Transv  Crk 

Low 

2691 

1.23 

5.9 

Long/Transv  Crk 

Medium 

4176 

1.92 

15.9 

Long/Transv  Crk 

High 

348 

0.16 

8.7 

Patchi ng 

Low 

46 

0.02 

0.4 

TABLE  6.  DISTRESS  DATA  FOR  INDIVIDUAL  FEATURES  (CONCLUDED) 


Estimated  Distress  for  Feature:  R6C-Center  75B  Pope  AFB 
Distress-Type  Severity  Quantity  Density  (%) 


Distress-Type 
A1 1 i gator  Cracking 

Block  Cracking 
Long/Transv  Crk 


Severity 

Low 

Medium 

Low 

Low 

Medium 

Low 


Rutting  Low  id  i  u.d/ 

Estimated  Distress  for  Feature:  R6C-Center  75A  Pope  AFB 
T  e  Severity  Quantity  Density  (% 


Deduct  Value 
1X78 
3.0 
7.7 
5.6 
13.3 
13.0 


Deduct  Value 


*****  ■ 
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TABLE  7.  SUMMARY  OF  DISTRESS  EVALUATION 


Load-Associated  Distress 


Feature 

Deduct  Value 

Type 

1%! 

R2B 

Alligator  Cracking 

74 

R3C 

A1 1 i gator  Cracking, 

62 

Rutti ng 

62 

R4C 

A1 1 i gator  Cracki ng 

50 

R5C 

All igator  Cracking, 
Patchi ng 

53 

R6C ( A) 

A1 1 i gator  Cracki ng. 
Patching, 

Rutti ng 

76 

R6C(B) 

All igator  Cracking, 
Rutting 

51 

Climate/Durability  Associated  Distress 


Deduct  Value 

Type  (%l 

Block  Cracking,  26 

Joint  Reflection, 

L&T  Cracking 

Block  Cracking, 

L&T  Cracking 

38 

Block  Cracking 

L&T  Cracking 

50 

Block  Cracking 

L&T  Cracking 

47 

Block  Cracking 

L&T  Cracking 

24 

Block  Cracking, 

UT  Cracking 
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Feature : 


Facility 


:  £T/23 


1.  Overall  Condition  Rating 
excellent.  Very  Good,  Good 


PCI  ~S/ 

<s>  Poor,  Very  Poor,  Fail ed . 


2.  Variation  of  Condition  Within  Feature  -  PCI 

a.  Localized  Random  Variation  Yes, 

b.  Systematic  Variation:  Yes , 

3.  Rate  of  Deterioration  of  Condition  -  PCI 

a.  Long-term  period  (since  .  ,  ^ 

construction )  CrvtAJo^  Low 

b.  Short-term  period  (1  year)  L4M^Atoy[  -low; 

4.  Distress  Evaluation 

a.  Cause 


,  C  Normj>; 

NuriiiOTT 


High 


Load  Associated  Distress 
Climate/Durability  Associated 
Other  (  )  Associated  Distress 


7*/'  percent  deduct  values 
percent  deduct  values 
£)  percent  deduct  values 


b.  Moisture  (Orainage)  Effect  on  Distress 

5.  Load-Carrying  Capacity  Deficiency 

5.  Surface  Roughness  A/O  AVQ-J  fab/S* 

7.  Skid  Resistance/Hydroplaning 
(runways  only) 

a.  Mu-Meter 


b.  Stopping  Distance  Ratio 


c.  Transverse  Slope 
Previous  Maintenance 


No  hydroplaning  problems 
are  expected 

Transitional _ 

^"Potential  for  hvdropl anTnq-^ 
Very  high  probability 

No  hydroplaning  anticipated 
Potential  not  well  defined 
^Potential  for  hvdropl ani nq~T> 
Very  high  hydroplaning 
potential- 


Figure  26.  R2B  Pavement  Condition  Evaluation  Summary. 
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feature 


££C 


£ 


£/2.*> 


1  at.  1 1  i  t  y  : 

- — - s- - 

1.  Overall  Condition  Rating  -  PCI  - 

t  sentient.  Very  Good  ,  ^p^dy^F  a  i r,  Poor  ,  Very  Poor,  f  j  '  1  *•  1 . 
s'.  Variation  of  Condition  Within  feature  -  PH 


a.  Localized  Random  Variation 
n.  Systematic  Variation: 

Rate  of  Oeteri orat i on  of  Condition  -  PC! 

a.  Long-term  period  (since  „ 

construction) 

h.  Short-term  period  (1  year) 

Hi  s'ress  F.val  uat  ion 
a.  Cause 


Load  Associated  Distress 
Cl imate/Durabi 1 ity  Associated 
Other  (  )  Associated  Distress 


£i  percent  deduct  values 
V 7  percent,  dedur*  vat  jes 
Q  percent  deduc*  vat  a". 


b.  Moisture  (Drainaqe)  Effect  on  Distress 

-i.  Load-Carryi  nq  Capacity  Deficiency 

n.  Surface  Roughness  A 'O  &V&7 /&  &&- 

’ .  Skid  Resistance/Hydroplaning 
(runways  only) 


Mu-Meter 


Minor,  ^Ode ra^^ ,  Major 
Ves 

Minor, — Moderate  .  -Hrrrne- 


No  hydroplaning  problems 
are  expect  ed 


Transi t i onal 

Potent  i  aTTor  hydroplan  _nq 
Very  high  probabi  1  i t y~ 


Stopping  Distance  Ratio 


c.  Transverse  Slope 
Previous  Maintenance 
9.  Effect  on 


ovi//  1 

s¥ff7/~ 


<^0  hydrop  laninq  ant ic ~ p.itcd^D 
Potential  not  well  defined 
Potential  for  hydrojiTam  "ij 
Very  high  hydro~pT~ a  n  i  n g 
potent  i  aT  "" 

Poor,  Fair,  Good ^1  xc  el  1 en 

Normal  ,  !■  i  gh 

’JVAjtuj 

777.  ~17  S 


£  je>' sereVri.  ' 


Figure  27.  R5C  Pavement  Condition  Evaluation  Summary. 


evaluation  results  for  features  R2B  and  R5C,  respectively.  Appendix  A  sum¬ 
marizes  the  evaluation  for  the  rest  of  the  runway  features. 


Feature  R2B  (Figure  26)  has  a  PCI  of  51  and  therefore  a  "fair"  rating. 

No  localized  or  systematic  variation  was  observed.  The  long-term  rate  of  de¬ 
terioration  was  determined  from  Figure  8  to  be  normal,  based  on  a  PCI  of  51 
after  10  years  since  overlay.  The  load-associated  distress  caused  74  percent 
of  the  total  deduct  value.  Also,  using  Airfield  Pavement  Evaluation  Curves 
(Figure  28),  the  load-carrying  capacity  was  determined  to  be  deficient  for 
C-141  aircraft.  The  estimated  number  of  aircraft  passes  to  failure  was  50, 
and  the  pavement  had  already  been  subjected  to  much  more  than  that. 

Based  on  a  PCI  of  51,  the  feature  is  placed  in  the  R-M-0  zone.  The  M&R 
guidelines  for  this  zone  state  that  routine  or  major  M&R  should  generally  be 
applied  and  that  overall  M&R  should  be  considered  if  one  or  more  of  the  condi¬ 
tion  indicators  is  exceeded.  Several  of  these  indicators  were  exceeded  for 
feature  R2B. 

A  similar  evaluation  was  performed  for  feature  R5C  (Figure  27).  It 
should  be  noted  that  the  1 oad-carryi ng  capacity  (Figure  29)  was  not  determined 
to  be  deficient  (item  5,  Figure  27);  however,  load-associ ated  distress  caused 
53  percent  of  the  total  deduct  value  (item  4a).  In  addition,  it  should  be 
noted  that  there  is  localized  random  variation  (item  2a).  The  lowest  sample 
unit  PCI  value  for  the  feature  is  42,  which  is  lower  than  the  sample  unit 
critical  minimum  PCI  value  of  48  determined  from  Figure  4  for  a  mean  PCI  of 
54. 


FEASIBLE  M&R  ALTERNATIVES  AND  ECONOMIC  ANALYSIS  FOR  INDIVIDUAL  FEATURES 

Based  on  the  evaluation  results,  several  alternatives  were  considered  for 
each  feature  and  economic  analysis  performed.  Figures  30  and  31  show  the  al¬ 
ternatives  and  associated  costs  for  features  R2B  and  R5C,  respectively.  The 
costs  in  the  figures  are  shown  in  terms  of  the  discounted  present  cost  (PC), 
the  salvage  value  (SV),  and  the  present  worth  (PW).  The  PW  is  determined  by 
subtracting  the  SV  from  the  PC  as  shown  in  Equation  4.  The  economic  analysis 
for  each  alternative  was  based  on  current  local  costs  where  the  airfield  is 
located  (Table  8).  Table  9  provides  the  detailed  economic  analysis  for  alter¬ 
native  2,  feature  R2B.  The  main  difficulties  in  performing  the  economic  anal¬ 
ysis  were  predicting  future  localized  repair  and  estimating  the  SV  at  the  end 
of  the  analysis  period.  These  difficulties  should  be  greatly  decreased  or 
eliminated  when  the  development  of  models  for  predicting  PCI  and  key  distress 
is  completed  (Reference  9).  For  the  analysis  of  this  alternative,  routine  lo¬ 
calized  maintenance  was  assumed  to  be  $0.1  per  square  yard  5  years  after  con¬ 
struction;  it  was  increased  by  $0.1  per  square  yard  every  additional  5  years. 
This  assumption  was  based  primarily  on  current  average  maintenance  costs  and 
engineering  judgment.  Similar  assumptions  were  made  when  analyzing  the  other 
alternatives.  The  SV  was  determined  as  follows: 

1.  Cost  of  constructing  a  new  pavement  over  a  subgrade  (design  was  based 
on  U.S.  Army  Corps  of  Engineers  criteria): 
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2 
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FLEXIBLE  PAVEMENT  EVALUATION  CURVES,  C-I4I,  TYPE  B  AND  C  TRAFFIC  AREAS 


FLEXIBLE  PAVEMENT  EVALUATION  CURVES,  C-I4I.TYPE  B  AND  C  TRAFFIC  AREAS 


AT  tern a 


Alternative  1: 


Overlay  the  entire  feature  with  AC.  The  cross-section  of  the  over¬ 
lay  will  be  as  shown  below.  Localized  repair,  e.g.,  full-depth  patch¬ 
ing,  must  be  performed  before  overlaying. 


RUNWAY 

<L 


Alternative  2: 

Remove  base  course  and  recycle  AC  surface  keel  section.  Place  a  3-inch 
granular  material  on  top  of  the  existing  subgrade.  Use  recycled  AC  sur¬ 
face  of  approximately  5  inches  as  a  stabilized  base  course.  Add  6  inches 
of  AC  surface  course. 


Alternative  3: 


Remove  the  existing  AC  surface  keel  section,  and  replace  it  with  a  5- 
inch  AC  after  stabilizing  the  8-inch  base  with  cement  (in  place). 


Alternative  4: 


Replace  the  6-inch  AC  keel  section  with  10-inch  PCC  slabs  after  removing 
4  inches  of  base  course  and  stabilizing  the  remaining  4  inches  plus 
4  inches  of  subgrade  material. 

Alternative  5: 


Reconstruct  the  keel  section  with  14-inch  RCC  slabs  after  removing  the 
AC  surface  and  the  base. 


Figure  30.  Repair  Alternatives  for  Feature  R2B  (Concluded). 


Alternatives  fo 


Alternative  1: 


Overlay  the  entire  feature  with  AC.  Localized  repair  must  be  performed 
before  overlaying.  The  cross-section  of  the  overlay  is  shown  below. 


RUNWAY 


i 


Alternative  2: 

Remove  3  inches  from  the  AC  surface,  and  add  a  new  3-inch  AC  surface 
layer. 

Alternative  3: 

Perform  localized  repair  as  needed  over  the  next  10  years.  In  1988, 
scarify  3  inches  from  the  AC  surface  keel  section,  and  add  a  new  3-inch 
AC  surface. 


Figure  31.  Repair  Alternatives  for  Feature  R5C  (Concluded). 
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TABLE  8.  UNIT  COST  OF  REPAIR,  SEPTEMBER  1978 


Remove  AC  Surface  and  Oispose  of  It 
Scarify  AC  Surface  and  Dispose  of  It 
Remove  AC  Surface  with  Rotomill  and  Windrow 
Place  AC 

Place  Tack  Coat  or  Prime  (0.10  Gallons/Square  Yard) 
Place  PCC 

Remove  Base  Material  and  Dispose  of  It 
Place  Granular  Material 
Compact  Granular  Material 

Place  Recycled  AC  as  Base  Source  from  Windrow 
and  Compaction  and  Sweetening  and  Prime  Coat 

Place  Cement  Stabilization 

Prepare  Subgrade  After  Removal  of  Base  Course 

R/W  or  T/W  Marking  Paint 

Deep  Patch 

Crack  Seal 

Joint  Seal 

Slurry  Seal 

Apply  Rejuvenator 


$00. 30/Square  Yard/Inch 
00.50/Square  Yard/Inch 
00.50/Square  Yard/Inch 
30.00/Ton 
00.05/Square  Yard 
65.00/Cubic  Yard 


00.20/Square 

15.00/Cubic 

00.50/Square 

00.25/Square 

00.45/Square 

00.75/Square 

01.75/Square 

01.75/Square 

00.45/Foot 

00.70/Foot 

00.50/Square 

00.27/Square 


Yard/Inch 

ard 

Yard 

Yard/Inch 

Yard/Inch 

Yard 

Yard 

Yard/Inch  AC 

Yard 

Yard 


ANALYSIS  PERIOD  _ YEARS  INTEREST  RATE _ 1 


INFLATION  RATE _ 


Compact  subgrade  =  600  feet  x  75  feet  x  0.5  =  $2,500 

g 


Place  6-inch  granular  base  =  600  x  75  x  0.5  x  15  =  $12,500 

n 


Compact  base  =  $2,500 

Place  prime  coat  (0.2  gallons  per  square  yard)  =  600  x  75  x  0.1  =  $500 

g 

Place  8-inch  AC  surface  =  600  x  75  x  8  x  145  x  30  =  $62,250 

12  2000 


Total  =  $80,250 

2.  Cost  of  restoring  the  pavement  (in  alternative  2)  after  20  years 
(based  on  current  prices): 

Scarify  the  top  2  inches  of  AC  and  dispose  of  it  =  600  x  75  x  0.5  x  2  =  $5,000 

9 


Routine  M&R  at  $0.2  per  square  yard  =  $1,000 

Place  2  inches  AC  =  600  x  75  x  2  x  145  x  $30  =  $16,312 

1?  2000 

TOTAL  =  $22,312 

3.  Salvage  value  based  on  current  costs  =  Cost  of  new  construction 

-  cost  of  restoration 
after  20  years 
=  80,250  -  $22,312 
=  $57,938 

4.  Present  worth  factor  (f):  after  20  years  (see  Equation  4): 

Inflation  rate  =  6  percent 

Interest  rate  =  8  percent 

20  =  /l  +  0.06\20 
\1  +  0.08 ) 

=  0.688 

5.  Discounted  SV  =  $57,938  x  0.688  =  $39,861 

When  calculating  the  SV  for  other  al ternati ves ,  the  cost  of  new  construc¬ 
tion  remains  the  same.  The  only  item  that  changes  is  the  cost  of  restoration 
after  the  analysis  period  (20  years  in  this  case).  Appendix  B  presents  the 
detailed  economic  analysis  for  all  the  alternatives  considered  for  feature 
R2B.  Appendix  C  presents  the  alternatives  and  associated  costs  for  features 
other  than  R2B  and  R5C. 


-v" 
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M&R  ALTERNATIVES  AND  ECONOMIC  ANALYSIS  FOR  THE  ENTIRE  RUNWAY 


After  the  alternatives  for  the  individual  features  were  evaluated,  six 
alternatives  were  analyzed  for  the  runway.  This  process  is  important,  because 
merely  combining  the  most  economical  alternative  for  each  feature  may  not  pro¬ 
vide  the  most  economical  alternative  for  the  entire  runway.  This  is  partly 
due  to  (1)  elimination  of  the  need  for  overlay  feathering  because  of  the  dif¬ 
ference  in  elevation  between  features,  (2)  the  variation  of  unit  cost  of 
repair  based  on  volume  of  work,  and  (3)  the  facility's  downtime.  Figures  32 
through  37  present  the  alternatives. 

Table  10  provides  a  summary  comparison  of  the  costs  for  the  six  alterna¬ 
tives,  and  Appendix  D  provides  the  detailed  computations  from  which  this  sum¬ 
mary  was  derived.  It  should  be  emphasized  that  the  most  economical  alterna¬ 
tive  is  not  necessarily  the  most  desirable  one  because  of  the  variety  in 
airfield  mission  considerations  and  management  policies;  however,  in  this  ex¬ 
ample,  the  most  economical  alternative  (No.  6)  was  selected  and  is  currently 
being  implemented,  with  either  minor  or  no  modifications. 
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Fiqure  32.  Considered  Repair  Alternative  for  Entire  Runway  --  Alternative 


red  Repair  Alternatives  for  Entire  Runway  --  Alternative 


Alternate  No  2 


m!9  -4 


R6C(B)  R6C(A) 


TABLE  10.  SUMMARY  COMPARISON  OF  M&R  ALTERNATIVES 
(ALL  COSTS  ARE  TO  THE  NEAREST  $1000) 


A1  ternat i ve 

Total 

Di scounted 
Present  Cost 
(PC) 

Salvage 
Val  ue 
(SV) 

Present  Worth 
(PW) 

Ratio  to 
Most  Economica 
A1 ternat i ve 

1 

$758 

$259 

$499 

1.36 

2 

$728 

$214 

$514 

1.40 

3 

$629 

$239 

$390 

1.06 

4 

$867 

$308 

$559 

1.52 

5 

$945 

$328 

$617 

1.68 

6 

$694 

$326 

$368 

1.00 
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SECTION  VII 


EXAMPLE  APPLICATION  OF  M&R  GUIDELINES 
CONCRETE  APRON  FIELD  CASE 

This  section  provides  an  example  application  of  the  M&R  guidelines  of 
data  collection,  condition,  evaluation,  selection  of  feasible  M&R  alterna¬ 
tives,  economic  analysis,  and  selection  of  the  optimum  M&R  alternative.  The 
pavement  used  in  this  example  is  a  concrete  feature  of  an  apron  located  in 
Louisiana.  The  primary  traffic  using  the  pavement  is  the  KC-135  and  B-52  air¬ 
crafts.  The  feature  (Apron  13)  serves  as  the  immediate  access  to  the  three  B- 
52  maintenance  hangars  shown  in  Figure  38.  The  pavement  was  originally  con¬ 
structed  in  1945  with  11  inches  of  plain-jointed  PCC  over  a  lean  clay  and  silt 
having  a  k-value  of  75  pounds  per  cubic  inch.  The  pavement  was  overlaid  in 
1955  with  an  additional  8  in'"  -  PCC. 


BACKGROUND 

A  condition  evaluator  am  from  the  AFESC  visited  the  airfield  in  May 
1970  and  found  that  the  prr  >nt  defect  in  the  apron  was  longitudinal  and 
transverse  cracking  in  some  siabs.  The  team  concluded  that  the  defect  was 
load  associated  because  they  had  noted  that  the  pavement  condition  had 
degraded  considerably  since  1961,  and  in  1961  there  had  been  very  little  lon¬ 
gitudinal  cracking.  The  evaluation  showed  that  the  subgrade  strength  in  this 
area  had  degraded  from  a  k  of  75  to  a  k  of  50  pounds  per  cubic  inch.  The  main 
recommendation  resulting  from  the  evaluation  was  that  the  apron  should  be 
watched  closely.  The  evaluation  team  predicted  that  it  might  be  necessary 
to  have  the  area  overlaid  during  the  next  10  years  (from  1970). 


DATA  COLLECTION 

The  apron  was  surveyed  in  March  1978  by  the  base  engineer,  command 
engineer,  and  project  staff  to  determine  the  optimum  repair  alternative.  The 
feature  consisted  of  48  sample  units,  each  of  which  was  surveyed  and  the  PCI 
determined  (see  Figure  39).  Each  sample  unit  consisted  of  24  slabs,  except 
sample  units  33  through  36,  which  each  contained  18  slabs.  The  slab  size  was 
12  1/2  x  15  feet.  Each  sample  unit  was  surveyed  individually  because  after 
surveying  several  of  the  sample  units  at  random,  it  was  found  that  the  PCI 
ranged  from  10  to  98;  thus,  the  standard  deviation  was  very  high.  Therefore, 
it  was  decided  that  each  slab  should  be  surveyed  to  have  accurate  information 
for  analyzing  various  M&R  alternatives.  Table  11  summarizes  distress  types, 
severities,  and  quantities  for  the  feature. 

Figures  40  through  42  are  representative  photographs  of  the  distresses  in 
the  apron. 
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Fioure  39.  PCI  for  Individual  Sample  IJ 
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Spalling,  Corner  Medium 


Figure  40.  Pavement  Damage  Along  Traffic  Lines 


Figure  41.  Severely  Shattered  Slab  Located  Along  Traffic  L 


CONDITION  EVALUATION 


Figure  43  summarizes  the  overall  evaluation  used  for  selecting  feasible 
M&R  alternati ves.  The  mean  PCI  for  the  feature  is  70,  which  corresponds  to  a 
condition  rating  of  "good."  The  variation  of  PCI  among  sample  units  is  great, 
however.  From  Figure  4,  the  sample  unit  critical  minimum  PCI  is  found  to  be 
53  (for  a  mean  PCI  of  70),  which  far  exceeds  the  lowest  PCI  of  10  found  in  the 
field.  Therefore,  there  is  localized  random  variation.  A  simple  investi¬ 
gation  of  Figure  39  reveals  that  all  the  low  PCI  values  occur  along  the  B-52 
traffic  lines.  The  PCIs  of  sample  units  outside  the  traffic  lines  are  gener¬ 
ally  very  good,  indicating  a  systematic  variation.  Dividing  the  feature  into 
two  separate  features,  based  on  the  above  findings,  will  probably  eliminate 
both  localized  and  systematic  variations.  However,  if  the  feature  is  not  di¬ 
vided,  these  variations  should  be  strongly  considered  when  selecting  feasible 
M&R  alternati ves. 

Table  12  gives  a  breakdown  of  the  distress  types  and  percent  deduct 
values  in  terms  of  load  and  climate.  The  percent  deduct  value  resulting  from 
load-associated  distress  accounts  for  the  majority  of  the  total  deduct  value. 
Figure  44  shows  the  slabs  containing  key  structural  distress  (cornerbreaks , 
longitudinal  and  transverse  cracking,  and/or  shattered  slabs).  The  majority 
of  the  distress  occurred  along  the  traffic  lines. 

The  load-carrying  capacity  was  evaluated  (see  Figure  45).  The  values 
used  for  the  evaluation  were: 

Concrete  flexural  strength  =  700  psi  (as  determined  in  1970  by  an  Air 
Force  evaluation  team) 

k  subgrade  =  50  pounds/cubic  inch  (as  determined  in  1970  by  an  Air  Force 
evaluation  team) 

3-52  gross  weight  =  320  kips  (based  on  a  hangar  load  of  160  kips  per 

gear) 


Pavement  thickness  =  14  inches 

The  pavement  thickness  was  determined  by  using  the  U.S.  Army  Corps  of 
Engineers  concrete  overlay  design  equation  (assuming  a  partial  bond) 


h 


o 


Ch 


e 


[Equation  7] 
(Reference  5) 


TABLE  12.  SUMMARY  OF  DISTRESS  EVALUATION  FOR  CONCRETE  APRON 


Total 

Deduct 


Distress  Type 

Deduct  Value 

Load-Associated  Distress 

Corner  Break 

3.1 

Long/Trans  Cracking 

20.2 

Small  Patch  (<  5  square  feet) 

0.3  x  0.5* 

Large  Patch  (>  5  square  feet) 

3  x  0.5* 

Pumpi ng 

0.0 

Shattered  Slab/Intersecting  Crack 

32.4 

Spal 1 ing  Joi nt 

0.7 

SUBTOTAL 

58.05 

88% 

Climate/Durability  Associated  Distress 

Joint  Seal  Damage 

2 

Small  Patch  (<  5  square  feet)  (5%) 

0.3  x  0.5* 

Large  Patch  (>  5  square  feet)  (5%) 

3  x  0.5* 

Shrinkage  Cracking 

1.3 

Spal ling,  Corner 

1.55 

SUBTOTAL 

6.65 

10% 

Other 

Settlement/Faul ti ng 

1.2 

SUBTOTAL 

1.2 

TOTAL 

65.9 

2% 

*50  percent  of  the  deduct  value  for  that  distress  was  assumed  to  be  from 
load  and  50  percent  from  climate. 
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Figure  43.  Airfield  Pavement  Condition  Evaluation  Summary. 
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APRON  13  Individual  Slabs  Kay  Structural  Distress 
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Figure  4^.  Slabs  Containing  Key  Structural  Distress. 


where  hQ  =  overlay  pavement  thickness  =  8  inches 

hg  =  existing  pavement  thickness  before  overlay  =  11  inches 

C  =  coefficient  based  on  condition  of  existing  pavement 
at  time  of  overlay  =  0.75  for  initial  corner 
cracking  with  no  progressive  cracking 

hn  =  thickness  of  new  pavement. 

By  substituting  into  Equation  7,  hn  is  computed  to  be  14  inches.  As 
shown  in  Figure  45,  the  number  of  load  Repetitions  until  cracking  is  deter¬ 
mined  to  be  10.  Therefore,  the  load-carrying  capacity  was  classified  as  defi¬ 
cient. 

Neither  skid  nor  roughness  were  considered  significant  for  the  mission  of 
the  apron  and  were  not  evaluated.  Based  on  a  percent  of  large  patch  (more 
than  5  square  feet)  of  2.91,  previous  maintenance  was  classified  as  "normal." 


FEASIBLE  M&R  ALTERNATIVES  AND  ECONOMIC  ANALYSIS 

The  mean  PCI  for  the  entire  feature  is  70,  which  classifies  the  feature 
in  the  R-M-0  Zone  (Figure  15).  In  this  zone,  it  is  recommended  that  routine 
or  major  maintenance  generally  be  applied,  particularly  if  the  pavement  has  a 
"good"  rating.  Overall  repair  should  only  be  considered  if  one  of  the  items 
on  the  evaluation  sheet  (Figure  43)  is  exceeded.  In  this  case,  the  load-car¬ 
rying  capacity  was  determined  to  be  deficient,  and  the  load-associated  dis¬ 
tress  contributed  88  percent  of  the  total  deduct  value.  Therefore,  overall 
repair  should  be  included  as  a  feasible  alternative.  Another  item  that  should 
receive  serious  consideration  is  the  existence  of  systematic  variation  here 
the  traffic  area  is  in  much  worse  condition  than  the  rest  of  the  apron. 

Based  on  the  evaluation  results,  four  feasible  alternatives  were  identi¬ 
fied  and  an  economic  analysis  performed.  A  20-year  analysis  period  was 
selected.  The  unit  costs  were  based  on  the  current  prices  for  the  area  where 
the  airfield  is  located  (Table  13).  Following  is  a  description  of  each  alter¬ 
native. 

Alternative  No.  1:  Perform  Localized  Repair  as  Needed 

Selection  of  repair  type  was  based  on  the  alternatives  presented  in  Table 
3,  including  slab  replacement,  full-depth  patching,  partial-depth  patching, 
crack  sealing,  and  joint  sealing.  It  was  assumed  that  major  localized  repair 
would  be  repeated  every  5  years  during  the  analysis  period.  The  number  of 
slabs  to  be  replaced  during  the  first  year  was  determined  from  the  results  of 
the  condition  survey.  The  number  of  slabs  to  be  replaced  in  the  future  was 
estimated  by  assuming  that  within  20  -years,  every  slab  in  the  traffic  area 
would  have  to  be  replaced.  From  Figure  46,  the  thickness  of  the  new  slabs  was 
determined  to  be  19  inches.  This  thickness  also  matches  the  existing  total 
thickness  of  concrete  slabs  (8  inches  over  11  inches).  Figure  E-l  of 
Appendix  E  provides  a  detailed  economic  analysis. 
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Load-Carryinc,  Capacity  evaluation  for  Concrete  Apron 


TABLE  13.  UNIT  COSTS  FOR  CONCRETE  APRON 


PCC  Work 

Remove  PCC  Slab  and 
Dispose  of  It 

Complete  Slab  Replace¬ 
ment,  One  Slab  at  a  Time 

Rerove  Subbase  Course 
Material  and  Dispose  of  It 

Remove  Subgrada  Material 
and  Dispose  of  It 

Place  Granular  Material  in  Place 
Without  Compaction 

Prepare  Subgrade  (6  Inches) 

Compact  Granular  Base 

PCC  in  Place 

Seal  Slab  Joints 
(New  Construction) 

Seal  Old  Slab  Joints 

Base  (Cement  or  Lime) 
Stabilization  in  Place 

AC  in  Place 

Seal  Slab  Crack 

Partially  Depth- °atch  PCC 

Deep-Depth  Patch  PCC 


$2. 22/Square  Yard/Inch  or 
$878. 75/Slab  (19  Inches,  12.5  x  15  Feet) 


$96. 18/Square  Yard/20  Inches 


$0. 63/Square  Yard/Inch 
$0. 63/Square  Yard/Inch 


$0. 83/Square 
$0. 91/Square 
$0. 91/Square 
$80. 00/Cubic 


Yard/Inch 
Yard/6  Inches 
Yard/6  Inches 
Yards 


$0. 20/Foot 
$0. 31/Foot 


$0. 26/Square  Yard/Inch 

$30/Ton 

$0. 35/Foot 

$2. 33/Square  Foot/Inch 
$4. 37/Square  Yard/Inch 
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Alternative  No.  2:  Reconstruct  Traffic  Area 

This  alternative  was  selected  based  on  the  systematic  variation  identi¬ 
fied  during  the  pavement  evaluation  (Figures  43  and  45).  Figure  47  illus¬ 
trates  the  areas  to  be  reconstructed.  In  addition  to  reconstruction,  local¬ 
ized  repair  should  be  performed  as  needed.  The  exact  area  to  be  reconstructed 
can  be  slightly  modified  to  reflect  changes  in  expected  traffic  path.  It  is 
important  that  the  traffic  path  be  marked  and  followed  by  the  mission  air¬ 
craft.  Figure  E-2  of  Appendix  E  provides  the  detailed  economic  analysis. 

Altemat-ive  No.  3:  Fully  Bonded  PCC  Overlay 


This  alternative  consists  of  replacing  shattered  and  severely  cracked 
slabs  and  overlaying  with  7-inch  concrete  pavement.  The  overlay  should  be 
fully  bonded  using  a  bonding  agent  such  as  grout  or  epoxy;  otherwise,  a 
thicker  overlay  will  be  needed.  In  addition,  the  number  of  slabs  to  be  re¬ 
placed  before  placing  the  overlay  is  usually  higher  to  insure  high  uniform 
quality.  The  overlay  thickness  was  determined  using  the  Corps  of  Engineers 
overlay  equation  for  fully  bonded  concrete  overlay: 

ho  =  hn  ‘  he  [Equation  8] 

where  hp  =  required  thickness  =  21  inches  (for  flexural  strength  of 

700  psi  and  k  =  50  pounds  per  cubic  inch 

hg  =  equivalent  existing  thickness  =  14  inches 

hQ  =  overlay  thickness  =  21  -  14  =  7  inches. 

This  alternative  also  includes  feathering  the  overlay  at  a  slope  of  1  percent 
from  the  apron  to  the  surrounding  area.  Figure  E-3  of  Appendix  E  gives  the 
detailed  economic  analysis. 


Alternative  No.  4:  Partially  Bonded  PCC  Overlay 

T.,i s  al^rnati ve  consists  of  replacing  shattered  and  severely  cracked 
slabs  ano  v,  erlaying  with  10-inch  concrete  pavement.  The  number  of  slabs  to 
be  replaced  was  assumed  to  be  the  same  as  required  in  the  first  year  of  alter¬ 
native  1. 


The  overlay  thickness  is  determined  using  Equation  7. 


h 


o 


1.4 


1.4 


/l  \1.4  1.4 

(h„>  -  Che 

(21 ) 1  *4  -  -  75  ( 19 ) 1  *4 


=  10  inches. 


Figure  E-4  of  Appendix  E  gives  the  detailed  economic  analysis;  Table  14  sum¬ 
marizes  the  economic  analysis  results. 
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TABLE  14.  SUMMARY  COMPARISON  OF  M&R  ALTERNATIVES 
(ALL  COSTS  ARE  TO  THE  NEAREST  $1000) 


Alternative 

1978 

Cost 

Total  Present 
Discounted  Cost 

1 

(Localized) 

138 

546 

2 

(Reconstruct 

Traffic 

Area) 

445 

592 

3 

(Fully 

Bonded 

Overlay) 

683 

711 

4 

(Partially 
Bonded 
Overl ay) 

842 

870 

S V 

Present 

Worth 

Ratio  to 
Most  Economica 
Alternative 

279 

267 

5.1 

540 

52 

1.00 

656 

54 

1.04 

662 

208 

4.0 
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gure  47.  Alternative  2  --  Reconstruct  the  Shaded  Area  and  Perform 
Repair  as  Needed  on  Other  Portion. 


Alternatives  2  and  3  are  by  far  the  most  economical,  and  alternative  2 
also  has  the  advantage  of  a  lower  initial  cost  (1978  cost).  Adoption  of  al¬ 
ternative  3  (bonded  overlay)  will  also  require  special  adjustments  in  the 
levels  of  the  floors  of  the  B-52  maintenance  hangers.  On  the  other  hand,  by 
only  structurally  improving  the  current  traffic  area  (alternative  2)  caution 
should  be  taken  to  insure  that  aircraft  movements  are  limited  to  the  markings 
on  the  pavement. 

At  the  time  this  report  was  prepared,  the  base  engineer  had  identified  a 
project  based  on  alternative  2. 


SECTION  VIII 


SUMMARY,  CONCLUSIONS,  AND  RECOMMENDATIONS 


SUMMARY 

The  M&R  guidelines  and  economic  analysis  procedures  developed  in  FY77 
(Reference  2)  were  field  tested,  improved,  and  validated.  These  procedures 
are  data  collection,  condition  evaluation,  selection  of  feasible  M&R  alterna¬ 
tives,  performance  of  economic  analysis,  and  selection  of  the  optimum  M&R  al¬ 
ternative.  The  application  of  these  procedures  was  demonstrated  for  an  as¬ 
phalt  runway  in  North  Carolina  and  a  concrete  apron  in  Louisiana. 


CONCLUSIONS 

The  procedures  presented  in  this  report  were  tested  in  several  field  ap¬ 
plications,  and  were  proven  to  be  a  rational  and  systematic  approach  to  iden¬ 
tifying  feasible  M&R  alternatives  and  selecting  optimum  repair  strategies. 

For  both  example  applications  demonstrated  in  this  report,  experienced  base 
and  command  engineers  have  developed  repair  projects  that  implement  the  deter 
mined  optimum  M&R  alternatives  with  minor  or  no  modifications. 


RECOMMENDATIONS 

There  are  several  feasible  alternatives  for  repairing  any  given  pavement, 
but  the  costs  associated  with  the  various  alternatives  are  usually  quite  dif¬ 
ferent.  For  example,  the  difference  in  PW  between  the  most  expensive  and  most 
economical  alternatives  was  $249,000  (Table  10)  for  the  asphalt  runway  and 
$215,000  for  the  concrete  apron  (Table  14).  Considering  that  it  only  takes  1 
to  2  man-weeks  to  analyze  several  M&R  alternatives  for  a  pavement  feature,  the 
amount  of  saving,  and  thus  the  return  on  investment,  can  be  very  high.  It  is 
therefore  recommended  that  the  analysis  procedures  presented  in  this  report  be 
implemented  by  the  Air  Force  worldwide. 
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APPENDIX  A 

EVALUATION  SUMMARY  FOR  FEATURES 
R3C,  R4C,  R6C(B) ,  R6C(A)  — 
ASPHALT  RUNWAY  FIELD  CASE 
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RSd. 


Facility:  _  Feature:  _ 

1.  Overall  Condition  Rating  -  PCI  ”  S’  7 

Excel  lent.  Very  Good,  ^004}  Fair,  Poor.  Very  Poor,  Failed. 

2.  Variation  of  Condition  Within  Feature  -  PCI 


a.  Localized  Random  Variation 

b.  Systematic  Variation: 


Yes, 

m. 


3.  Rate  of  Deterioration  of  Condition  -  PCI 


a.  Long-term  period  (since  — 

construction)  /▼*«  Low,  (formal High 

b.  Short-term  period  (1  year)  ll4%h>nmni  .  Low, - Hf<wn»r  High 

4.  Distress  Evaluation 

a.  Cause 

Load  Associated  Distress  &  percent  deduct  values 

Climate/Durability  Associated  'percent  deduct  values 

Other  ( _ _)  Associated  Distress  £  percent  deduct  values 

b.  Moisture  (Drainage)  Effect  on  Distress 


5.  Load-Carrying  Capacity  Deficiency 

6.  Surface  Roughness/^  A¥CUV4  Jtiwor, — Moderate?  Major 


7.  Skid  Resistance/Hydroplaning 
(runways  only) 


a.  Mu-Meter 


No  hydroplaning  problems 
are  expected 


Transitional 

('"Potential  tor  hydropianTmj— 

Ve79  jffgt  pTuUaLimy 


b.  Stopping  Distance  Ratio 


c.  Transverse  Slope 
8.  Previous  Maintenance 

Effect  on  Mission 

'  At  t 


No  hydroplaning  anticipated 

.  I?8  .  -1  Hof^ne3~ 
c"  Potential  for  hydroplaning  ~ 
Very  high  hydroplaning 
potential- 


Poor,  Fair,^Good^E  xcel  1  ent 
Low, J  Normal .  High 


AUnKlUJ  uA// 

'te.p/idLj>A6£t- 


r,0ra¥ra/i. 


Figure  A-l.  R3C  Airfield  Pavement  Condition  Evaluation  Summary. 


-’Vt  if'W  * 


Facility: 


^CMWAJ/  £~/2  3 


Feature: 


z#c. 


1.  Overall  Condition  Rating  -  PCI  *Tf 


Excel  lent, /Very  Good/  Good.  Fair,  Poor,  Very  Poor.  Failed. 


2.  Variation  of  Condition  Within  Feature  -  PCI 

a.  Localized  Random  Variation 

b.  Systematic  Variation: 

3.  Rate  of  Deterioration  of  Condition  -  PCI 

a.  Long-term  period  (since 

construction  )  /f*  2 

b.  Short-term  period  (1  year) 

4.  Distress  Evaluation 


No 

Yes, 


.  Cause 

Load  Associated  Distress 
Climate/Durability  Associated 
Other  (  )  Associated  Distress 


SO  percent  deduct  values 
So_  "percent  deduct  values 
O  percent  deduct  values 


b.  Moisture  (Drainage)  Effect  on  Distress 

5.  Load-Carrying  Capacity  Deficiency 

6.  Surface  Roughness/#  A 

7.  Skid  Resistance/Hydroplaning 

(runways  only) 

a.  Mu-Meter 

b.  Stopping  Distance  Ratio 


c.  Transverse  Slope 

8.  Previous  Maintenance 

9.  Effect  on  Mission  (Comments):  txi/ng.  as 


ino rJ  Moderate,  Major 


>.  (gT) 


No  hydroplaning  problems 
are  expected 

Transitional _ 

"Potential  tor  hydroplanTng~^ 
Very  high  probability 

No  hydroplaning  anticipated 
Potfiflt444~not  well  defined 
Potential  for  hydroplaning—- ^ 
Very  high  hydroplaning 
potential 

Poor,  Fair.  Good ,  ^CxceVlenC 
(gP  Normal .  High 

fry  7?3£L 


Firjre  A-2,  R4C  Airfield  Pavement  Condition  Evaluation  Summary. 


Feature : 


Facility:  "AxiotaSa^  C/2.2  _ 

1.  Overall  Condition  Rating  -  PCI  / 

Excellent,  V^^Gopb,  Good,  Fair,  Poor.  Very  Poor,  Failed. 

2.  Variation  of  Condition  Within  Feature  -  PCI 

a.  Localized  Random  Variation  Yes ,  (■ 

b.  Systematic  Variation:  Yes,  | 

3.  Rate  of  Deterioration  of  Condition  -  PCI 


Long-term  period  (sir 
construction)  tfsV' 
b.  Short-term  period  (l 


4.  Distress  Evaluation 


year)  1/m 


'owj  Normal , 


.  Cause  2>a-6t) 

Load  Associated  Distress 
Climate/Durability  Associated 
Other  (  )  Associated  Distress 


_percent  deduct  values 
percent  deduct  values 
percent  deduct  values 


b.  Moisture  (Drainage)  Effect  on  Distress  Minor,  Moderate.  Major 


5.  Load-Carrying  Capacity  Deficiency 

6.  Surface  Roughness  Ao  /*■£>  ava/fobfa 

7.  Skid  Resistance/Hydroplaning 

(runways  only) 

a.  Mu-Meter 

b.  Stopping  Distance  Ratio 


c.  Transverse  Slope 

8.  Previous  Maintenance 

9.  Effect  on  Mission  (Comments): 


No,  ^es~) 


No  hydroplaning  problems  X 
are  expected  ) 

Transitional 

Potential  for  hydroplaning 
Very  high  probability 

''No*~hydroplaninq  anticipated"^ 
Potential  not  well  defined- 
Potential  for  hydroplaning 
Very  high  hydroplaning 
potential' 

Poor,  Fair.  Good /Excel  lent  ) 
Low.  Normal ,  High 


Figure  A-3.  R6C(B)  Airfield  Pavement  Condition  Evaluation  Summary. 
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APPENDIX  B 

ECONOMIC  ANALYSIS  AMONG  M&R  ALTERNATIVES 
FOR  FEATURE  R2B  —  ASPHALT  R/W  FIELD  CASE 
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R2B  Sal vage  Val ues 


S V  =  cost  of  new  construction  over  subgrade,  keel  section, 
for  20-year  life  cost  of  repair  of  this 
construction  for  another  20-year  life 


New  Construction 

Compact  subgrade 

Place  6  inches  gran,  base 

Compact  base 
Place  prime  coat 


600  x  75 


600  x  75 


x  0.5  =  $  2,500 


27 


600  x  75 


x  15 


0.10 


=  $12,500 

=  $  2,500 
=  $  0,500 


Place  8-inch  AC  =  600  x  75  x  (8/12)  x  (145/2000)  x  30  = 


$62,250 

$80,250 


Localized  Repair 

Removal  of  AC  surface 

at  $0. 30/square  yard/inch  =  $  9,000 

Removal  of  base  course 

at  $0. 20/square  yard/inch  =  $  8,000 

Reconstruct  AC  pavement 

(6-inch  AC  +  6-inch  granular)  =  $80,250 

$97,750 

SV,  SV  =  80,250  -  97,250  =  -  $17,000 
Alternative  No.  1 

Scarify  4-inch  AC  and  dispose  of 
at  $0. 50/square  yard/inch  (keel  section) 

Place  4-inch  AC  at  $30. 00/ton 

Routine  M&R  at  $0. 50/square  yard 


SV  =  80,250-45,125 


$10,000 

32,625 

2,500 

$45,125 

$35,125 
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Alternative  No.  2 


Scarify  and  dispose  of  2.0-inch  AC 
at  $0. 50/square  yard/inch  (keel  section)  =  $  5,000 


Routine  M&R  at  SO. 20/square  yard 

=  $  1,000 

Place  2.0-inch  AC  at  $30/ton 

=  $16,312 

$22,312 

S V  =  80,250  -  22,312 

=  $57,938 

Alternative  No.  3 

Scarify  2.5-inch  AC  and  dispose  of 

at  $0. 50/square  yard/inch  (keel  section) 

=  $  6,250 

Fabric  at  $1. 25/square  yard 

=  $  6,250 

Place  2.5-inch  AC  at  $30/ton 

=  $20,300 

532,890 

SV  =  80,250  -  32,890 

=  $47,360 

Alternative  No.  4 

Joint  seal 

=  $  3,413 

Routine  M&R 

=  $  1,000 

5  slab  replacements  at  $2000/slab 

=  $10,000 

$14,413 

SV  =  80,250  -  14,413 

=  $65,837 

Alternative  No.  5 

Joint  seal 

=  $  3,413 

Routine  M&R 

=  $  1,000 

2  slab  replacements  at  52800/slab 

=  $  5,600 

$10,013 

SV  =  80,250  -  10,013 

=  $70,237 
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ANALYSIS  PERIOD 

<QO 

_  YEARS  INTEREST  RATE _ 

INFLATION  RATE _ L 

YEAR  MQR  WORK  DESCRIPTION 


iL_ 


COST  $ 


•4. HO 


PRESENT 
WORTH  $ 


J.o  i.3&> 


i  ,Ti3 


o 


50 


/  <2.^50 


TOTAL 


SALVAGE  VALUE  =-W,o°o  *  .W  •  $_ 
PRESENT  WORTH  *  $ _ 


z-LLJe^ 
l.ol  '04 


Figure  B-l.  Sample  1. 
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Figure  B-2.  Sample  2. 
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M  SR  ALTERNATIVE  4?eCr>n  s  W  f  C. C  iyt  ro.  1  7j  '  Pcd_ 

fked-^eckm^L^VV  (o,P)  \ncW<  AC,  an  C.h nmi  SfciKA.?-^  Fx^ig 


/1/V4Z.K5/5  PERIOD 


KE4/P5  INTEREST  RATE  2  % 

INFLATION  RATE  k._%| 


vr^/? 


a/ a/?  description 


cost  $ 


PRESENT 
WORTH  $ 


Repose  AC.^urWe-.frrel-Sgi.li 


£Ek. 


3  ■  A;OQ 


1  Q^O 


icm 


Sk\K\\?e.  8  '  Vf\ 


Cpur.<^  m-^\c\rp  ^$Q.4c?/^Wm 


..llrazo. 


LLL 


1.Z+Q.Q.L., 


m3 


Place,  n  Vac  C  OoA  .->rvVrjp 


C_Cc(\ev\N  fia  se 


$0.05-/ O.l  q^oA/SW 


mi 


Place  (o-\r>  keel- 


vrns. 


fSecW.i-',  (S>5»?>D.GQ/T^)n  (ila31  W>d 


im 


.llfoiWcL-  (.\D,?^c^rfOP 


1  1  V>\  T.U'lU  ~ 

Sins/SV 


±JLL 


Q  > 


mi 


Roa>np  PAiR  V).\nisv  kef]-5gc\tprs 


500 


■0Hn 


-Hlg. 


13M. 


[fcw>VtM  ffkfl  ^  ^O-aO/vV 


i.  ooo 


AJ^O 


^30. 


mi 


Rciu--t-.n/  rc\<vc  ^$0  ^0/5^  ■kec.\-.<ec\vfjn 


QJM£ 


1»133 


l33k. 


,Rou!tvcif  ^VOi jO/wS  k're.V&'C.Ytjn 


Ip'QO 


£fe.TM 


I4DII 


rora/. 


tiami 


S4LkHfiE*  l(M/.aE,«^abo>0.i»«8  «  JL 
PRESENT  WORTH  •  #_ 


33.n9?i 


^  ~iar. 


Figure  B-4.  Sample  4. 


M  SR  ALTERS 
ANALYSIS  PERIOD 


CO  To  PC) 


K«/?5  INTEREST  RATE _ <L 

INFLATION  RATE -Jo 


PRESENT 
WORTH  $ 


SALVAGE  VALUE  »  $ _ 

PRESENT  WORTH  •  $ _ 


Figure  B-S.  Sample  5. 


1 


E)  ( 3 VOO  To  ^oo) 


ANALYSIS  PERIOD 


YEAR  I MQR  WORK  DESCRIPTION 


YEARS  INTEREST  RATE  %  % 
INFLATION  RATE  h  % 


COST  $ 


PRESENT 
WORTH  $ 


TOTAL 


SALVAGE  VALUE  *10,331  YC.L&S  *  $ _ 

PRESENT  WORTH  *  $ _ 


Figure  B-6.  Sample  6. 
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APPENDIX  C 

COMPARISON  OF  M&R  ALTERNATIVES  FOR 
FEATURES  R3C,  R4C,  R6C(B),  AND  R6C(A) 
ASPHALT  R/W  FIELD  CASE 


Feature  R3C 
9+00  to  16+00 


Alternative  No.  1: 

Overlay  the  entire  feature  with  AC.  Localized  repair  must  be  performed 
before  overlaying.  Figure  C-l  shows  the  cross-section  of  the  overlay. 


RUNWAY 


Figure  C-l.  Cross  Section  of  Overlay  for  Feature  R3C. 


Alternative  No.  2: 

Remove  base  course  and  recycle  AC  surface,  keel  section.  Place  4  inches 
of  granular  material  on  top  of  existing  subgrade.  Use  recycled  AC  surface  as 
a  stabilized  base  course  (approximately  5  inches).  Add  5-inch  surface  course. 


Alternative  No.  3: 

Remove  the  existing  6-inch  surface,  keel  section,  and  add  1  inch  of  gran¬ 
ular  material.  Cement  stabilize,  in  place,  a  9-inch  base  course.  Place  5 
inches  of  AC  surface  course. 


Alternative  No.  4: 

Remove  the  6  inches  of  AC  and  2  inches  from  the  base  course.  Cement  sta¬ 
bilize,  in  place,  the  8-inch  base  course  (6  inches  remaining  base  +  2  inches 
subgrade  material).  Place  8-inch  PCC  slabs  on  keel  section. 
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Alternative  No.  5: 


Remove  the  6-inch  AC  surface  and  5  inches  from  the  base  course.  Place 
11-inch  PCC  slabs  on  the  keel  section. 

The  five  cross-sections  of  alternatives  are  shown  in  Table  C-l,  along 
with  the  PC,  S V,  and  PW  of  each  alternative. 


TAULE  C-I.  REPAIR  ALTERNATIVES  FOR  FEATURE  R3C 


Feature  R4C 
16+00  to  21+00 


Alternative  No.  1: 

Overlay  the  entire  feature  with  AC.  Localized  repair  must  be  performed 
before  overlaying.  Figure  C-2  shows  the  cross-section  of  the  overlay. 


RUNWAY 


Alternative  No.  2: 

Remove  base  course  and  recycle  AC  surface,  keel  section.  Place  4  inches 
of  granular  material  on  top  of  the  existing  subgrade.  Use  recycled  AC  surface 
as  a  stabilized  base  course  (approximately  5  inches).  Add  a  5-inch  AC  sur¬ 
face. 


Alternative  No.  3: 

Remove  the  existing  6-inch  AC  surface,  keel,  section,  and  add  1  inch  of 
granular  material.  Cement  stabilize,  in  place,  the  9-inch  base  course.  Place 
5  inches  of  AC  surface  course. 


Alternative  No.  4: 

Remove  the  6-inch  AC  and  2  inches  from  the  base  course.  Cement  sta¬ 
bilize,  in  place,  the  8-inch  base  course  (6  inches  remaining  base  +  2  inches 
of  subgrade  material).  Place  8-inch  PCC  slabs  on  keel  section. 
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Alternative  No.  5: 


Remove  the  6-inch  AC  surface  and  5  inches  from  the  base  course.  Place 
11-inch  PCC  slabs  on  the  keel  section. 

The  five  cross-sections  of  alternatives  are  shown  in  Table  C-2,  along 
with  the  PC,  SW,  and  PW  of  each  alternative. 


TABLE  C-2.  REPAIR  ALTERNATIVE  FOR  FEATURE  RAC 


Feature  R6C  (B) 
50+00  to  57+50 


Alternative  No.  1: 

Overlay  the  entire  feature  with  AC.  Localized  repair  must  be  performed 
before  overlaying.  The  cross  section  of  the  overlay  is  shown  in  Figure  C-3. 


RUN'.VAY 


Alternative  No.  2: 

Remove  base  course  and  recycle  the  AC  surface,  keel  section.  Place  7 
inches  of  granular  material  on  top  of  the  existing  subgrade.  Use  the  recycled 
AC  surface  as  a  stabilized  base  course  (approximately  6.5  inches).  Add  a  5- 
inch  AC  surface  course. 


Alternative  No.  3: 

Remove  the  existing  AC  surface,  keel  section,  and  add  2.5  inches  of  gran¬ 
ular  material.  Cement  stabilize,  in  place,  an  11-inch  base  course.  Place  5 
inches  of  AC  surface  course. 


Alternative  No.  4: 

Remove  the  7.5-inch  AC  surface  and  0.5  inch  from  the  base  course.  Cement 
stabilize,  in  place,  an  8-inch  base  course,  and  place  8-inch  PCC  slabs  on  the 
keel  section. 
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Alternative  No.  5: 


Remove  the  AC  surface  and  3.5  inches  from  the  base  course.  Place  11-inch 
PCC  slabs  on  the  keel  section. 

The  five  cross  sections  of  alternatives  are  shown  in  Table  C-3,  along 
with  the  present  PC,  SV,  and  PW  of  each  alternative. 
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TABLE  C-3 .  REPAIR  ALTERNATIVES  FOR  FEATURE  R6C(B) 


Feature  R6C(A) 
57+50  to  65+00 


Alternative  No.  1: 

Overlay  the  entire  feature  with  AC.  Localized  repair  must  be  performed 
before  overlaying.  The  cross  section  of  the  overlay  is  shown  in  Figure  C-4. 


Figure  C-4.  Cross  Section  of  Overlay  for  Feature  R6C(A). 


Alternative  No.  2: 

Remove  the  base  course  and  recycle  the  AC  surface,  keel  section.  Place  7 
inches  of  granular  material  on  top  of  the  existing  subgrade.  Use  the  recycled 
AC  surface  as  a  stabilized  base  course  (approximately  4  inches).  Add  a  5-inch 
AC  surface  course. 


Alternative  No.  3: 

Remove  the  existing  AC  surface,  keel  section,  and  replace  it  with  another 
5-inch  AC  surface  after  stabilizing  the  11-inch  base  course  with  cement  (in 
pi  ace) . 


Alternative  No.  4: 

Remove  the  5-inch  AC  surface  and  3  inches  from  the  base  course.  Cement 
stabilize,  in  place,  the  8-inch  remaining  base  course,  and  place  8-inch  PCC 
slabs  on  the  keel  section. 
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Alternative  No.  5: 

Remove  the  AC  surface  and  6  inches  from  the  base  course.  Place  11-inch 
PCC  slabs  on  the  keel  section. 

The  five  cross-sections  of  alternatives  are  shown  in  Table  C-4  with  the 
PC,  SV,  and  PW  of  each  alternative. 


118 


TABLE  C-4 .  REPAIR  ALTERNATIVES  FOR  FEATURE  R6C(A) 


APPENDIX  D 

ECONOMIC  ANALYSIS  OF  M&R  ALTERNATIVES  FOR 
ENTIRE  ASPHALT  RUNWAY 

i' 

f 


Alternative  No.  I 


Entire  Runway  Salvage  Values 


Salvage  Value  of  R2A 

=  $  57,938 

Salvage  Value  of  R3C 

=  $  52,063 

Salvage  Value  of  R4C 

=  $  27,056 

Salvage  Value  of  R5C 

=  $156,932 

Salvage  Value  of  R6C(B) 

=  $  27,266 

Salvage  Value  of  R6C(A) 

=  $  55,781 

$377,036 

Alternative  No.  2 

Salvage  Value  of  R2A 

=  $  35,125 

Salvage  Value  of  R3C 

=  $  37,880 

Salvage  Value  of  R4C 

=  $  27,056 

Salvage  Value  of  R5C 

=  $156,932 

Salvage  Value  of  R6C(B) 

=  $  27,266 

Salvage  Value  of  R6C(A) 

=  $  27,266 

$311,525 

Alternative  No.  3 

Salvage  Value  of  R2A 

=  $  47,360 

Salvage  Value  of  R3C 

=  $  39,721 

Salvage  Value  of  R4C 

=  $  28,372 

Salvage  Value  of  R5C 

=  $146,510 

Salvage  Value  of  R6C(B) 

=  $  42,558 

Salvage  Value  of  R6C(A) 

=  $  42,558 

$347,079 
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Alternative  No.  4 


Salvage  Value  of  R2A 

=  $  65,835 

Salvage  Value  of  R3C 

=  $  63,121 

Salvage  Value  of  R4C 

-  S  41,928 

Salvage  Value  of  R5C 

=  $146,510 

Salvage  Value  of  R6C(B) 

=  $  65,419 

Salvage  Value  of  R6C(A) 

=  $  65,419 

$448,232 

Alternative  No.  5 

Salvage  Value  of  R2A 

=  $  70,237 

Salvage  Value  of  R3C 

=  $  69,121 

Salvage  Value  of  R4C 

«  $  47,928 

Salvage  Value  of  R5r, 

=  $146,510 

Salvage  Value  of  R6C (B) 

=  $  71,419 

Salvage  Value  of  R6C(A) 

*  $  71,419 

$476,634 

Alternative  No.  6 

Salvage  Value  of  R2A 

=  $  57,938 

Salvage  Value  of  R3C 

=  $  52,063 

Salvage  Value  of  R4C 

=  $  37,187 

Salvage  Value  of  R5C 

=  $215,687 

Salvage  Value  of  R6C(B) 

=  $  55,781 

Salvage  Value  of  R6C(A) 

=  $  55,781 
$474 | 437 
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Figure  D-l .  Sample  1 . 


Figure  D-2.  Sample  2. 
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APPENDIX  E 

ECONOMIC  ANALYSIS  OF  M&R  ALTERNATIVES  FOR 
CONCRETE  APRON  FIELD  CASE 
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Alternative  No.  1 


Rehabilitation  cost;  300  slab 

replacements 

$570,000 

Localized  repair 

$  10,000 

•  Joint  seal 

$  10,000 

$590,000 

S V  =  995,333  -  590,000  = 

$405,333 

(current  prices) 

Alternative  No.  2 

Rehabilitation  cost;  100  slab 

replacements 

$190,000 

Localized  repair 

$  10,000 

Joint  seal 

$  10,000 

$210,000 

SV  =  995,333  -  210,000  = 

$785,333 

(current  prices) 


Alternative  No.  3 


Rehabilitation  costs;  10  slab 


replacements  at  $2600 

$26,000 

Localized  maintenance 

$  5,000 

Joint  seal 

$10,000 

$41,000 

SV  =  995,333  -  41,000  = 

$954,333 

(current  prices) 
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Alternative  No.  4 


I 

i 

I 

% 


Rehabilitation  costs;  10  slab 
replacements  at  $1800 

Localized  maintenance 

Joint  seal 


S V  =  995,333  -  33,000  = 
(current  prices) 


$  18,000 
$  5,000 

$  10,000 
$  33,000 
$962,333 


New  Construction 


18  inches 

Lime-stabilized  subgrade 
K  200  pounds  per  cubic  inch 

Lime  stabilization  at  $0. 26/square  yard/inch 

=  (7-°-5-g  30-°)  x  8  inches  x  .26  =  $  48,880 

8- inch  PCC  at  $80/cubic  yard 

=  70--^j  3Q-  x  18/12  18/12  x  80  =  *  940,000 

joint  seal  at  $0. 2/foot  =  $  6,453 

Total  New  Construction  Cost  =  $  995,333 
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Figure  E-l.  Sample  1. 
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Figure  E-3.  Sample  3. 
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Figure  E-4.  Sample  4. 
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